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1.0 XBTRODUCTXOII

As requested by Mr. P. Foersch, the report by
Nolan Curry "Engineering Report Requirements, Wastewater

Treatment for Chemical Systems" was reviewed but was felt to

be inappropriate in preparing detailed aspects of this

report. The general principles of defining the wastewater

problem and justifying a solution were, however, followed •..,.

I
I

The report, as requested, reiterates how the
limits were established and what assumptions were made on

behalf of Occidental and NYSDEC.

This report addresses the outfall sewer

system shown on Figure 1, and discusses the following items:

I
I

- Installation of Continuous Flow Meters

Total and Individual Organic Reductions

- pH Outfall 001

- Closure of Outfall 002
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2.0 BACKGROUND

Occidental Chemical Corporation (OCC)

received a new SPDES Permit which was effective in November

1984. The Consent Order accompanying the permit contains

(

Schedule A, attached, which requires remedial action and

engineering reports to be submitted. The following general

measures are planned as a result of the permit. Additional
I~

1. details are provided later in this report.

I
I

- Continuous Flow Requirement

The permit requires continuous flow monitoring at the

following locations:

Outfall 001

- Outfall 003

I - Outfall 005

Continuous flow monitors will be installed so that a flow

proportional sample can be collected.
-'

- Total and Individual Organic Discharge Reduction

The permit limits for total organics change from 284 lb/day

to 74 lb/day. Individual limits are also established.

Several reports have been submitted to DEC describing

loadings in each outfall. Based on the reports submitted,
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SCHEDULE A

Respondend shall, on or before the following dates, initiate the
following compliance actions to meet final SPDES Permit No. NY0003336
limitations at all Outfalls.

Action
Code Outfall Number~ Compliance Action Due Date

r..
• All Out falls Submit Approvable01 December 15, 1984

Engineering Report
02 All Outfalls Submit Approvable May 15, 1985

Final Plans

I 04 All Out falls Commence Construction July 15, 1985
05 All Out falls Report on Construction October 1, 1985

I· Progress (First
Report)

06 All Outfalls Report of Construction
Progress

(Second Report) January 15, 1986
(Third Report) April 15, 1986

(Fourth Report) July 15, 1986
08 All Out falls Completion of October 1, 1986

I Construction
09 All Out falls Attain Operational November 1, 1986

I Level

56 All Outfa11s Submit BMP Plan October 1, 1986
f•J...

r

2a



sewer replacement/relining and abandonment are required in

Outfalls 001 and 005 to reduce loadings. The measures to

be undertaken address infiltration to the extent required

to meet SPDES discharge limits as stipulated in the Consent
Order.

r pH - Outfall 001
So

'r
i

<II acc will be conducting a pH survey program in Outfall 001

to determine if sources of high pH still exist and are

infiltration related. This initial report only describes a

method devised to determine if a problem still exists and

if so, to locate the source. A followup report will be

submitted as to the findings.

~

I

I

1



3.0 COBTXJ!IUOUSFLOW MOIIXTORIBG SYSTEM

- General

I..

Continuous flow metering equipment will be installed in

Outfalls 001, 003 and 005 which will provide an

instantaneous flow reading and recording by way of a daily

totalizer reading. ISCO Model lSSOR refrigerated samplers

(see Appendix B) will also be installed so that a flow

proportional sample may be collected. See attached

technical data from ISCO. Additional refrigerated ISCO

samplers will be installed at the 004 and S-Area outfall to
collect samples.

'"

t
I

"

The magnetic flow meter working on the principle of

electro-magnetic induction in electrically conductive

liquids will be installed. The produced low voltage is

directly proportional to velocity and is translated to

volumetric flow rate. Technical information on the

magnetic flow meter is contained in Appendix C.

I
I

r Each meter station is detailed in the following sections.



3.1 OUTFALL 001

3.1.1 Location

••

The monitoring station will be located

adjacent to the existing 36-inch outfall sewer between

manhole MHI-Ol and MHI-OIA near the south property line as

shown on Figure 2. The location is subject to PASNY
approval.

t
I 3.1.2 Flow Diversion for Monitoring

I
I
]

The flow from the existing north-south

36-inch outfall sewer line will be intercepted in a concrete

pit constructed around the 36-inch line. The 36-inch line

will be removed from within the intercepting pit and a sluice

gate will be installed on the line at the south wall of the
intercepting pit.

The sluice gate will normally be closed and

the flow will be diverted from the pit chamber through a new

pipe section in which a magnetic flow tube will be installed.

Knife gate valves will be installed in the new pipe section

on each side of the magnetic flow tube to facilitate

maintenance.



~"

AVENUE

CONRAIL
o

o

to-

l I
LaJ

"' 'I I~
.•.

to-
\ I (/)

., I~ )
\

•
I I I1m
I I oli0

0a:
o .-

0

~ / "....-::Ir ::ct: - "NEW W /' / <> ~- === ---.;; _ ><_

MONITORING // ~ EXIST. MH. I-OIA - - === :STAT'EE II I / EXIST. MH. t-ors

__ JL--/
-- I--7

I

f 0I
I

oac;:)~~,,~,,-

o 0 PARKWAYIUTFALL
00/ MOSES tROBERT-...•

I

r

~ o
NOTE: THIS PLAN COPIED FROM 1982 AERIAL MAPPING

eRA

figure 2
OUTFALL 001

MONITORING STATION
Occidsntal Chemical Corporation

1'30 -12/12/84

\
\



N/ZI/Zl-onl

uO/iDJodJ0:J /D:J.,IUJBII:J /DIUBP.':J:JO
~ll"W3HJS NOll.'1.lS 9NI~01INOW
100 11'1:JlnO
02 aJn6!~

()I ~Ol.t~ ic -_ Z
1> G)

Is:
rn r--t z
111 m

I::0

WII:»

I
I

J

'110-1 HW

~3.L3W M01.:1



After passing through the meter, the flow

will discharge through the new pipe section back into the 001
outfall sewer at Manhole l-OlB.

3.1.3 Housing for Metering

•

J

The diversion piping section which contains

the magnetic flow tube and valves will be installed in a

separate concrete chamber west of the concrete intercepting

pit. The pit will be covered with removable concrete

sections. A manway access will be provided in one of the

above sections.

I
I

I
r

Instrumentation including the flow
transmitter, flow indicator, flow totalizer, flow

proportional sampler and a temperature indicator will be

housed in a separate above ground structure adjacent to the
concrete pit.

r
The area around the monitoring station will

be enclosed by fencing.

3.1.4 Flow Metering Range

The flow metering provided will range from

0.26 MGD to 2.6 MGD. The piping will be arranged so that a



larger or smaller meter can be installed in the future if
flows change.

3.1. 5 Maintenance By-Pass Provision

L A by-pass to the flow meter system will be

provided by the installation of the sluice gate on the

36-inch line at the south wall of the concrete pit. The

I
I

sluice gate will normally be closed to direct the flow of

water through the flowmeter pipe system.

If the flow meter system must be by-passed,

the sluice gate will be opened and the valves closed on the

flow meter system to direct the flow back through the

original outfall sewer.

I
3.1.6 Easements Required

)

L The monitoring system will be constructed on

Power Authority of the State of New York property and will

require an easement from this Authority. It is anticipated

that easement approvals will not be a problem.

7



3.2 OUTFALL 003

3.2.1 Location

,

The monitoring station will be located

adjacent to the 36-inch outfall sewer south of Manhole MH3-01

near the south property line as shown on Figure 3. This

location was chosen because it is outside the proposed

remedial work area of the S-Area Settlement Agreement.

•

I
I 3.2.2 Flow Diversion for Monitoring

I
I

The flow from the existing north-south

36-inch outfall sewer line will be intercepted in a concrete

manhole constructed around the 36-inch line. The 36-inch

line will be removed from within the intercepting manhole and

a sluice gate will be installed on the line at the south face

of the manhole.

The sluice gate will normally be closed and

the flow will be diverted from the manhole through a new pipe

section running parallel to the 36-inch sewer.

A magnetic flow tube will be installed in the

pipe section and knife gate valves will be installed each

side of the magnetic flow tube to facilitate maintenance.
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The new pipe section will discharge back into the 003 River

Outfall through a second concrete manhole constructed on the
36-inch sewer south of the intercepting manhole.

3.2.3 Housing for Metering
i.

I
I

The piping section which contains the

magnetic flow tube and valves will be installed in a concrete

pit. The pit will be covered with removable concrete

sections. A manway access will be provided in one of the

above sections.

I

Instrumentation including the flow

transmitter, flow indicator, flow totalizer, flow

proportional sampler and a temperature indicator will be

housed in a separate above ground structure adjacent to the

concrete pit.

The area around the monitoring station will

be enclosed by fencing.

r

3.2.4 Flow Metering Range

The flow metering provided will range from

1.5 MGD to 15 MGD.



3.2.5 Maintenance By-Pass Provision

A by-pass to the flow meter system will be
provided by the installation of the sluice gate on the

36-inch sewer line at the south face of the intercepting
manhole.

~

The sluice gate will normally be closed to

direct the flow of water through the flow meter pipe system.

I
I

If the flow meter system must be by-passed,

the sluice gate will be opened and the valves closed on the

flow meter system. The flow will then be directed back

through the original outfall sewer.

I
I

3.2.6 Easements Required

...•

The monitoring station will be constructed on

Power Authority of the State of New York property and will

require an easement from this authority. It is anticipated

that easement approvals will not be a problem.



3.3 OUTFALL 005

3.3.1 Location

••

The monitoring station will be located at

Pump Station K-28 near the west property line as shown on

Figure 4 .

I
I

3.3.2 Flow Diversion for Monitoring

The flow from the existing Pump Station in

Building K-28 will be intercepted at a point above .grade

south of the building face.

I
I

A tee section will be installed in the

existing discharge line at this point and a new above grade

pipe section will be installed from the branch of the tee.

It will contain a magnetic flow tube with knife gate valves

inserted each side of the flow tube to facilitate

maintenance.

r
The new pipe section will be connected into

the existing 30-inch underground discharge line at an

existing tee section branch which is presently capped.
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TABLE 2

EXISTING LEVELS FOR MONOCHLOROTOLUENE
SUMMATION OF PLANT OUTFALLS

DESCRIPTIVE STATISTICS FOR MCT
Number of observations 22
Mean 18.81

MCT
INPUT ORDERED CUMULATIVE CUMULATIVE
DATA DATA PERCENTAGE NORMAL DIFFERENCE

L
1 12.550 0.0900 4.348 15.551 11.203
2 13.580 2.4700 8.696 18.827 10.132
3 94.070* 6.0700 13.043 24.527 11.481
4 16.910 7.2000 17.391 26.490 9.099

I 5 19.260 9.1300 21. 739 30.019 8.289
6 9.1300 9.4900 26.087 30.700 4.613

I 7 20.650 10.190 30.435 32.043 1.608
8 9.4900 12.550 34.783 36.739 1.956
9 27.890 13.080 39.130 37.824 - 1.306

10 13.080 13.580 43.478 38.857 - 4.621
11 15.910 15.910 47.826 43.765 - 4.062
12 0.0900 16.810 52.174 45.690 - 6.483
13 20.980 18.530 56.522 49.396 - 7.126

I 14 7.2000 19.260 60.870 50.971 - 9.898
15 6.0700 19.730 65.217 51.985 -13.232

I 16 19.730 20.650 69.565 53.966 -15.599
17 18.530 20.980 73.913 54.674 -19.239
18 25.770 23.820 78.261 60.685 -17.575
19 26.550 25.770 82.609 64.679 -17.930
20 10.190 26.550 86.957 66.234 -20.722
21 2.4700 27.890 91.304 68.842 -22.462
22 23.820 94.070 95.652 99.998 4.346

0.2661 KOLMOGOROV-SMIRNOV STATISTIC

NOTE: Reference from DEC Statistical Analysis

* maximum value



TABLE 3

MONOCHLOROTOLUENE LOADING IN OUTFALL 005

DATE LOADING
(YYDDD) (LB/DAY)

~ 81217 10.23
...L 81252 6.77

81280 92.66
81308 11.63
81336 9.56

I 82006 10.08
82034 5.84

I 82062 17.55
82097 22.77
82125 2.07
82153 10.96
82188 0.00
82216 16.76

I 82244 6.62
82264 6.07
82307 17.15

I 82335 16.57
83005 21.17
83033 23.66
83061 7.77
83096 0.83
83124 18.66

MEAN = 15.24 1b/day

85% Reduction = 12.92 Ib/day



Thus, the limit is established as follows:

Arithmetic mean = 18.8 Ib/day

High value = 94.1 Ib/day

Ratio = (Hi9:h Value) = 94.1 = 5.0
(Mean) 18.8

••
Potential 005 reduction = 15.24 Ib/day

Calculated reduction assuming 85% = 12.92 Ib/day

I The limit therefore becomes:

I
(18.8 - 12.92) (5) = 29.4 or approximately 30 Ib/day

Discussion of the Sources and Control for MCT

Figure (5 & 6) outline the 005 Outfall sewer network as of

I
the dates shown on the figures. The line services an

inorganic process in the B & H Areas, an MCT production

facility in F-13, F-42 and passes through a former disposal

site and former chlorobenzene handling area located in the

immediate area of the F-28 buildings. Several sampling

programs were conducted in the past by OCC and its consultant

to define sources of the loadings. The conclusions reached

are as follows:

The contribution from the inorganic processes in B & H

Areas is essentially zero.
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I

r
..

The current MCT facility does not contribute significantly
to the 005 Outfall discharge.

- The major loading is associated with infiltration of

contaminated groundwater into 005 Outfall.

These conclusions are supported by:

Figures 7 and 8, which contain sampling data from 1980 and

1981, show the following:

- At MH19 the loadings are essentially not detected (ND),

thus confirming B/H Area contribution is not significant.

)
- The lines from the current MCT facility originating at

MH5-l0 and MH5-l2, contributes up to 5 lb/day which is

considered a small contribution on the total. All other

stub flow is negligible.

- The remainder of the loadings are associated with

infiltration as evidenced by the data west of MH6.

- The overburden groundwater flow is from a northeast to a

southwest direction. Most of the existing outfall lines

and manholes in the area are 30 to 60 years old and are in

various degrees of structural deterioration. The outfall

sewer is located below the groundwater table and the above

conditions make the sewer system susceptible to

infiltration.

17
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Remedia1 Solutions

The MCT facility will be relocated to the N-Area and the

branch lines from manholes MHS-12 to MHS-06 and MHS-IO to

MHS-07 may be permanently abandoned or relined depending on

the start-up timing of the MCT facility. The F-28 buildings

have been demolished and branch lines have been plugged. The

infiltration of groundwater into the sewer line will be

minimized by installation of a liner from manhole MHS-19 to

MHS-OIB adjacent to the K-28 lift station. The number of

I
I

connections and live manholes will be minimized and active

manholes will be made watertight. Further details outlining

the engineering aspects are contained in a later section.

These measures should result in an overall reduction of 8S%.

I 4.2.2 Discussion of the Source and Control of
Dichlorobenzene (DCB), Trichlorobenzene (TCB),
Tetrachlorobenzene (TTCB)

I
The limits for these compounds werec

r'
established using lognormal statistics, which were previously

submitted to DEC. A reduction of 85% is required in outfall

005 to meet these limits. The following summarized data is

for the 22-month period from August 1981 to May 1983:



t

(1) (2) (3 ) (4) (5 )
Proj-

Poten- ected
Arith- tial Reduct- . Log-
metic Reduct- ion Column normalCompound Mean ion Mean (1)-(3) Limit

Dichlorobenzene 1.83 1.5 1.27 1.47 8(DCB)

Trichlorobenzene 9.37 9.31 7.9 1.0 15(TCB)

Tetrachlorobenzene 6.9 6.9 5.9 3.02 11(TTCB)

The same discussion applies for chlorinated benzene as for

•....•
I'

I
I

monochlorotoluenes under Section 4.2.1. The F-28 and K-Area
formerly handled chlorinated benzene materials.

Approximately 1400 tons of chlorinated benzene were disposed

of in the shaded area shown on Figure 9. The majority of the
loading is associated with infiltration.

The conclusions reached are as follows:

I The contribution from inorganic area, B&H, is essentially
zero.

The current chlorobenzene discharges are insignificant
[. when compared to the total.

The major loading is infiltration related.

These conclusions are supported by Figures 9,10,11,12,13,14:

- At MH5-19 the loadings are essentially Not Detected (ND),

thus confining B&H Area contribution.

- The loading in lines from MH5-10 to MH5-07 and MH5-12 to

MH5-06 are insignificant.
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- In the past, chlorinated benzenes appeared to have been

infiltrating from branch lines in F-28 and into the main
line sewer.

Remedial Solution

•• Same as described for MCT in Outfall 005
under Section 4.2.1.

I
I

4.2.3 Oichlorotoluene (OCT)

The limit for OCT was established at 8 Ib/day

and no reduction is required to meet the permit limit. The

1983 total average OCT loading was 1.1 Ib/day with a maximum

of 3.01 Ib/day versus the permit limit of 8 Ib/day.

I
I 4.2.4 Monochlorobenzotrifluoride (MCBTF),

Dichlorobenzotrifluoride (DCBTF)

L.

A limit of 3 Ib/day was established for the,
discharge from S-Area lagoons in the new permit for MCT, OCT,

MCBTF and OCBTF. Monitoring reports for the last year

demonstrate that, as a result of process changes documented

during the SPDES permit negotiations, OCC can meet these

limits and that no remedial work is required.



In 1983, the average total plant MCBTF
loading was 0.60 lb/day with a maximum of 1.29 lb~day, versus
permit limit of 10 lb/day. The DCBTF total plant 1983
average was 0.008 lb/day with a maximum of 0.40 Ib/day versus
the permit limit of 3 lb/day.

Ii.

~- 4.2.5 Hexachlorocyclopentadiene (C-56)
......•

I
I

The limit for C-56 is 1 lb/day and no
reduction is required to meet the limit which was established
using lognormal statistics. In 1983 our total average C-56
loading was 0.02 lb/day with a maximum of 0.21 lb/day.

4.2.6 Monochlorobenzene (MCB)

I The limit for MCB is 4 1b/day based on
application of a variability factor. No reduction is
required. In 1983 the total average MCB loading was 0.76
Ib/day with a maximum of 1.41 Ib/day.

['

4.2.7 Toluene

The limit for toluene is 9.0 lb/day which is
based on application of a lognormal statistics. No reduction
is required. In 1983, the total plant average was 1.14 with
a maximum of 3.61 lb/day.



4.2.8 Hexachlorocyclohexane

..

The permit limit was established at 0.26

Ib/day. Currently the limit is met on an average basis but

not on a maximum basis. The 1983 average was 0.17 Ib/day

with a maximum of 0.38 Ib/day. Over 50% of the loading is

attributable to Outfall 005. It is anticipated that with the

work outlined for Outfall 005, a reduction of 85 percent can

be achieved for the average and maximum loadings. The

average and maximum would be 0.098 Ib/day and 0.22 Ib/day if

it was assumed that 50% was infiltrating in 005 Outfall with

a control factor of 85% being applied, as compared to the

permit limit of 0.26 lb/day.

...•

I
I

4.2.9 Trichloroethylene (TCE) and Tetrachloroethylene (PCE)

I
I

The limits for TCE and PCE were established
at 15 Ib/day. These limits were calculated using a

variability factor previously described and summarized in
Table 4..r,
Discussion of the Sources and Control for TeE & PCE

Figure 15 shows the existing 001 Outfall sewer network. The

lines services the mercury cell operations in the U-31, U-75,

a former potassium carbonate operation in U-55, U-15, a

former TCE production area U-59. Waste treatment facilities
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TABLE 4

LIMITS FOR TRICHLOROETHYLENE AND TETRACHLOROETHYLENE

CURRENT LEVELS REDUCTIONS ANTICIPATED LOAD

Calculated
High Value RATIO Potential (Projected) (Column 111 (Column #6

Arithmetic (of 22 data (Hi2h Value) Reduction Reduction Minus Times BAT
Mean Points) Mean (Mean) (Mean) Column liS) Column #3) Limit

Column #1 Column 112 Column #3 Column #4 Column 115 Column 116

Trichloroethylene 8.82 42.91 4.86 6.8 5.8 3.02 14.7 15

Tetrachloroethylene 5.90 22.13 3.75 3.6 3.0 2.9 10.9 11

(Above values are mass loadings [pounds per day))



L

are located in U-67 area. Several sampling programs were
conducted in the past and the following conclusions were
reached with respect to TCE and peE:

- The contribution from the mercury cells and carbonate
process areas is essentially zero.

- The major loading is associated with infiltration of these

materials from the former TeE operations.

These conclusions are supported by:

Figures 16 to 19 A-D in 1980 and 1981 show the following:

I 1. At MH33 the contributions from the mercury cell

operations are essentially not detected (ND).

2. From MH04 to MHOl contain the majority of the loadings

associated with infiltration.

3. The overburden flow is from a northeast to southeast

direction. The area appears contaminated with TCE and

peE as evidenced by monitoring well results.

I
I
'- Remedial Solutions

Potassium carbonate operations in U-55 have been terminated

thus the need to service this area with cooling water has

been negated. With this in mind, the sewer line from MHl-Ol

to MHl-3l, which is the source of the loading, can be

abandoned. The line will be permanently plugged at the east

side of MHl-Ol.

....•



r -.:; - - - -,..

x
I

x XI [0
lOOO
:t,

~d---F~x
@

0 5d tOd

-X
_x---r _L-~

- ..~
r •..•

-
LEGEND

__ MANHOLE

IX.
i

•L.
~ -- WASTEWATER SEWER

~ 1980 TRICHLOROETHYLENES
~ LOADING, LBS'/DAYADAMS

AVENUE

eRA

@ NOT DETECTED

47

1530 -12/12/84

42

$9

69

53

NOTE: THIS PLAN COPIED FROM 1982 AERIAL MAPPING

figure 16
TRICHLOROETHYLENES, 1980

001 OUTFALL
Occidental Chemical Corporation



- - - - __J t r-

1IX x X- __ ·

i lOOO
:t

•• I x@./')x x x=:lJ H17 ••• ~........-'x~/

ADAMS
AVENUE

o ~ tOO

LEGEND

MANHOLE

- - WASTEWATER SEWER

~ 1981 TRICHLOROETHYLENES
~ LOADING, LBS'/DAY

@ NOT DETECTED

69

53

figure 17
TRICHLOROETHYLENES, 1981

. 001 OUTFALL
Occiden101 Chemical CorporalioneRA NOTE: THIS PLAN COPIED FROM 1982 AERIAL MAPPING

1530 -12/12/84



-;..:..J __ - - ,...

69

Lx x
-

o &d tOd

X 000
~

~)
1-07 .~~!<' X-~J

IX X X

i

LEGEND

MANHOLE

-

~C I I I --- WASTEWATER SEWER

AVENUE I I I I I ~ 1980 TETRACHLOROETH

I....!~S::±::~~~=~;;;;;;;;~ LOADING. LBS'/DAY YLENES

1 ~ NOT DETECTED

42

53

eRA NOTE: THIS PLAN COPIED FROM 1982 AERIAL MAPPING

figure 18
TETRACHLOROETHYLENES, 1980

001 OUTFALL
Occidental Chemical Corporation

TO RIVER

1530 -12/12/84



c - - - - - ,..

69

IX X X- __

X

I

I
X

x 000
~

XL I x~ /'}
• • ,,01 ~ r •..• LEGEND

MANHOLE

- - WASTEWATER SEWER

AVENUE ~ 1981 TETRACHLOROETHY~ LOADING LBS /0 LENES• . AY

o '¥j' tOd

ADAMS

42

I-06t-
,

68 47
55/)

53

eRA NOTE: THIS PLAN COPIED FROM 1982 AERIAL MAPPING

figure 19
TETRACHLOROETHYLENES, 1981

001 OUTFALL
Occidental Chemical Corporation

1!530-12/12/84



By permanently abandoning the sewer line, an 85% reduction in
PCE/TCE is being anticipated. Details are provided in a
later section.

•••

Although not required to meet permit limits,

the cleaning and lining of the sewer from MHl-Ol to MHl-33

will be included as part of this project •

I
I

I
I
11U

r



5.0 pH OUTFALL 001

L

Historically at infrequent intervals, the pH

in Outfall 001 was above 9.0. Some of these occurrences were

traced to operational problems but others were thought to be

associated with infiltration. With the shutdown of the

mercury cell plant and carbonate process, water discharges

have been drastically reduced to the current level of 600,000

gal/day. This level of flow is maintained in the sewer to

ensure adequate pH control. To determine if the problem is

related to infiltration, the intention is to temporarily

reduce the water flow and sample each branch sewer. We

anticipate performing this analysis during wet and dry

weather seasons. After data collections are reviewed, a

separate report will be submitted to DEe on the findings.

I
I

I
I
(1l;



6.0 ENGINEERING ASPECTS AND WORK PLAN
OUTFALL 001 AND OUTFALL 005

6.1 RELINING OF SEWERS

Occidental is investigating two types of

L
sewer relining techniques. The first is Insituform lining

(see Appendix A). This technique is described in the

attached information from the applicator/manufacturer. An

impregnated resin liner is formed within the existing sewer

I line.

I The second technique involves lining the

sewer with a pipe made of polyethylene or other compatible

type of material. This technique involves the insertion of a
\

smaller diameter pipe inside an existing sewer line.

I To prevent/minimize infiltration, the

manholes will be made watertight and the number of manholes

and connections will be kept to a minimum.

,



6.2 REMEDIAL WORK FOR OUTFALL 005

6.2.1 Existing Conditions

l

The existing outfall sewer system in the "F"
and "K" Areas is shown on Figure' 20. This is the portion of

the 005 system where remedial work will occur.

I
I

6.2.2 Relining Work

The 42-inch outfall sewer from MH 5-19 to
MH S-OIB will be relined.

,. The liner will be continuous through the

following manholes: MHS-17, MHS-16, MHS-lS, MHS-08, MHS-OS,

MHS-04, MHS-02A and MHS-02.I
The two IS-inch sewers in the Building F-IO

area from ~lliS-12to MHS-06 and from MHS-IO to MHS-07 are

currently being studied for future use and may be permanently

abandoned and plugged. If they remain active they will be

relined.

The primary concerns that will govern liner

selection are resistance to infiltration, resistance to
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attack from chemicals in groundwater, structural integrity,
minimum installation time and minimum excavation
requirements.

6.2.3 Manholes

L

,
The continuous liner through manholes MHS-l7,

MHS-16, MHS-1S, MHS-08, MHS-OS, MHS-04, MHS-02A and MHS-02

will eliminate any flow or infiltration into the 42-inch

outfall sewer at these manholes. Existing catch basins which

flow into these manholes must be diverted into the adjacent

sanitary sewer or abandoned. All other lines entering these

manholes will be abandoned.

I
I

I
Manholes MHS-19, MHS-07, MHS-06 and MHS-03

will be repaired around existing pipes and relined or

repaired to eliminate infiltration.

Manhole S-OlB is a poured in-place reinforced

concrete chamber which is structurally sound and without any

discernible infiltration. No remedial work is required on

this manhole.

')0



6.2.4 Other Active Lines

The 12-inch line from Building K-26 and the
4-inch line from Building K-27 will remain active. No
remedial work is planned for these lines.

~
l- 6.3 REMEDIAL WORK FOR OUTFALL 001

I
I

6.3.1 Existing Conditions

The existing outfall sewer system in the "u"

Area is shown on Figure 21.

6.3.2 Relining Pipe

I
I

The 36-inch outfall sewer from MHl-33 to

MHl-Ol will be relined. No other relining is planned in this
area.

~~
~,.

6.3.3 Repairing of Manholes

Manholes MH1-Ol and MH1-06 will be repaired.
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6.3.4 Sewer Abandonment

.
The entire sewer system from MHl-31 to MHI-Ol

will be abandoned. The 24-inch sewer will be plugged on the

east side of MHI-Ol.

L
6.4 CLOSURE OF OUTFALL 002

I
Outfall 002 was abandoned on 12/27/82. This

was documented in our December 1982 SPDES report.

I Since the spring of 1984, Outfall 002 waters

were used as makeup waters on a volume offset for the N/S

Area treatment system. We propose to continue this

philosophy by utilizing a new watertight surface/cooling

I water drainage system for the N-Area. The water from this

system is being pumped into a settling tank for precautionary

purposes and discharged to Outfall 003 by way of the N/S

neutralization system.

DMR's submitted since this practice have

shown no adverse affects in 003-S loading, and it is

anticipated that the future 3.0 Ib/day 003-S loading

limitations will be met.

'If'l
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An alternate was investigated which would
have routed the water through a portion of 003 Outfall but

this option was not selected since the particular section in

mind was abandoned a number of years ago and if reopened

might increase loading. As a BMP, it was felt that pumping

the water through a tank as currently practised, would

provide a line of defense against unplanned circumstances.

It should be noted that most of the N-Area is diked and that

process water passes through an API separator before

discharge to the sanitary sewer. The work planned is shown
in Figure 22.

L

I
I

Plugs

A plug has been installed on the "N" area outfall line

between MH2-02 and MH2-0l.

I
I

New plugs will be installed on the "u" area outfalls south of

MH2-09 and MH2-07.

.s

Diversions

Roof drains will be directed to discharge at ground level at

Buildings U-Sl and N-3.r

Discharges to hub drain at east end of Building U-Sl will be

terminated or relocated inside the building.

Pump discharge at the weigh scale building U-S3 will be

redirected to the ground. Currently, before caustic is



shipped by rail, it is weighed. The weigh scale at U-83 is

utilized for weighing. Surface water runoff from the weigh.
scale building will be directed to the ground surface.
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Cear Inquirer:

Thankyou for your :inquiry into the Insitufarm Process - nclding a newpipe
within the old, on site. Briefly, here are just a fewof the benefits that
you, your custarers, and your users will realize fran this uniqueprocess of
pipeline rehab.ilitation.

Virtually eliminates excavating problems. Depending.on the situation and
existing access (sewerItBnholes,for ~le), excavation is virtually
eliminated, givinq youquicker, safer, ncre convenient repairs. Nothreats
to existing utilities. NointerruptialS of traffic flow.

l
IA.

I
I

Restores full size capacity and reduces maintenance. Insitufcmn fits tight
and is extrerrely SltCOth and CCI'ltinuousover pipe joints, reducing deposits
and alItcst alwaysincreasing capacity.

Tailored to yOIr need. Various the:arcsettinq resins can be selected to
resist the corrosive effects of the effluent. Insitufonn fits unusually
shapedpipes and has been used in sizes fran 4" to 108" (andmaybe applicable
to other sizes).

Solves difficult jobs. Insituform is a~licable to pipelines with bends,
lines vertical 'Ells, pressure pipe, or pipelines with reducers.

I
I

All in all, the InsitufcmnProcess is easy, safe and reliable. For ncre
infontation, please review the attached material. Weare certain youwill
agree that Insitufonn is the better rrethod of pipeline rehabilitation. We
have sane very interesting case histories.

If you ;.,ouldlike to discuss the Process for a particular application, or
if you need further infOntation, please contact meor our licensee in your
area if referenced below.

Thankyouagain for your :inquiry.

Cordially,

INSlTUFORM OF OORTH AMERICA, DC. ~..
'i _-

~. NOV 1 3 1984Cdv~W::~."J
EdwardW.Stephenson
MarketingCoordinator

ENVIROi\l~o':':'J I"AL c,~JI~fRO:
NIAGARA PLANT

Attachments

3315 Democrat Road/P.O. Box 181071/Memphis, TN 38118/'TB.EX 810-591·1252/Phone 901.363.2105
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DESIGN GUIDE
FOR PIPELINE RECONSTRUCTION
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HOW INSITUFORM~ WORKS
Insituform ~is a unique method ofpipeline recon-

struction which not only can seal and preserve
pipeline. but can also be designed to make struc-
tural repairs of the pipe. if necessary. The recon-
struction is done through existing pipe access
points. usually in twenty-four (24) hours or less.
and in most cases requires no excavation.
The Insituform' process is basically very simple.

A fiberfelt tube impregnated with a liquid resin is
fed into an inversion standpipe which has been
erected on site. The felt tube has an impermeable
coating on the outside which eases handling and
provides a water barrier for the inversion process.
The end of the tube is pulled through the inver-

sion standpipe. turned inside out and clamped to
the standpipe such that a leak-proof seal is
established.
As more water is added to maintain the weight of

the column. additional tubing is fed into the stand-
pipe. and the impregnated tube snakes its way
forward through the pipe being rehabilitated.
The weight of the Water presses the coated felt at

the nose. inverts it. and then presses the resin
impregnated side hard against the insides of the
damaged pipe. leaving the smooth coated side as
the new interior surface of the rehabilitated pipe.
After the inverted tube reaches the next manhole or
other access point. the water is heated to cure the
resin. forming an impermeable new pipe within the
old. The ends are cut off. the head of water is
released and the Insituform ~operation is complete.
Service connections are reinstated in non-man

entry pipes by means of a remotely controlled
cutting device.

:--

I
..,.

ADVANTAGES OF
INSITUFORM'~

Insituformi tubes when inserted are flexible
sleeves and. therefore. are not"limited to circular
~

After

pipes. They take the shape of the conduit being
rehabilitated and can vary in equivalent diameters
from 4 inches (l02mml to 108inches (2.704mmi.
The inversion process allows the impregnated

felt tube to easily negotiate offset joints and pipe
bends of 45degrees. The buoyant effect of the water
suspends the uninverted tube in a frictionless
media enabling it to traverse over :2.000feet (609ml.
Insertion is made through existing pipe access

points. Service connections are readily reesrab-
lished from within. thus eliminating costly exca va.
tion and restoration.
The tubing. when cured in place. forms a con.

tinuous sleeve throughout. sealing the pipeline.
The thermosetting resins resist corrosion and

protect the pipeline materials.
The tight fitting Insiruform ' pipe minimizes loss

in cross sectional areas which because of improved
smoothness results in increased hydraulic capacitv.
Insituform' is a total reconstruction process.

usually completed in one 111 day thus sa ving time
and reducing downtime. inconvenience to corn-
merce and the public.

INSITUFORM~
DESIGN GUIDE

The information presented in this guide is con-
densed from a more comprehensive booklet of
Insituform· Design. which is available on request.
The design information is based on tests performed
in the United States and Great Britain. and exten-
sive experience in the installation of Insituform •.
The use of this guide should be incorporated along
with good engineering design practices and
judgment.
Insiruform e is a registered trademark of

Insituform of North America. Inc.



FLOW CHARACTERISTICS
Insituform ' usually improves flow capacity. The increase in capacity is due to smooth transitions at offsets

and protrusions. no joints between manholes. and a smoother surface.
The traditional Manning equation' can be used to determine specific flow rates by substituting appropriate

values for before and after conditions. Coefficient (n) values of Insituform are 0.008 to O.OlD.

(~= U86xAR2:3xSI 2
n

Q = Flow refs:
A = Flow Area of Pipe (sq. ft.)
n = Mannin" Coefficient

R = Hvdrauiic Radius I ft. 1 = 0 -t
S = S("(;pe(ft. tt..

CAPACITY IMPROVEMENTS FOR INSITUFORM!
IN VITRIFIED CLAY AND CONCRETE PIPES
~·I••••· •••.cP. ~·Iu••.Cune. ~'Iow llUlicuform " luiQl(orm " ~'[owc.-\!SAC IT"i' ,.•..,

l)ittmrUtr Sin". 81 82 IlUIiCUfOI'1ll" Thiekn •••• Lin.1.0. llUliQlform • IlUIicuCorm".lnl·ht~"'1 ,(t.1 (1.1 It·(;, "'hl a:lld.1 Imm) linrh." vo. V.CP. \r". Cune.
".1l0 ,)04 0.77 0.67 0.94 6.00 7.528 I~:3 14~

11l.1)0 il(l~8 1.17 l.0 1 I.4~ 6.00 9.;;28 1"- 146-'l:l.I)O .,)()~~ l.69 U6 :l.19 6.00 l I ..~28 IJO 1;)0
1;).1)0 \lOI5 :l ..'i:! :U9 :!.: I:! 7.,~0 I·U09 IJO l'iO
I~.I)O .I)OI~ :\.tj7 :Ul'l -t.';'7 9.00 17.291 (JO rso:.! l.tlO ,)010 .l.1l6 LI9 6 ..'i0 LO ..~ eo.rra (JO I.'iO
:!-t.OO \l()0~ 6.-t7 :i.61 1l.:39 12.00 23.055 (:JO rso
:!7.00 .()OO67 .".11 7.0:3 10.40 I:J.50 25.93i I:JO I.'iO
.iO.OO .Ilon;'j~ 9.99 ~.66 1:'!.8~ 1;;.00 2R.819 IJO iso
·ili.llll ,)0046 14.-t1" 12..'1;'j 11'1.'16 11'1.00 :]4.,:;83 130 I.'iO

\1 fr~:,.. I 11 , •• r \' t ' p ~II III , .1.. "n Ilir r '••nt.' ~1111"", J. "n..for lnaICuiorm' z 0.009

~
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I, INSITUFORM~ DESIGN FOR EXTERNAL HYDROSTATIC LOADINGS
The tables and formulae below are based on the assumption that although the existing pipe has longitudinal

cracks and some distortion. the adjacent ground will give adequate support to pipe and Insituform •.
Hydrostatic loading on Insituform· will be considered for the following cases: ~a) circular or slightly oval

sound pipe: I b) deformed sound pipe. taken as flat on an otherwise circular liner. tC) pipe with a segment missing.

la) Circular or Slightly Oval Pipe
fh',lr:lInt"fi HUl'khnll

~b) Pipes with Flats
Pressure l.lmlted Due to Slrt'OIS

I
~Kr: ! I'

\Iax P' --- -
.i.\·~' '~IlR.II; :'-i

~ {l.~' ;?" {l.~'. R- :1I~IHI- ,SDRI' - - 117:;,) _ '~ll ";>:'-i I) F. II

\l:Ix p : ~at'l' f)!'sllln Pressure PSII
~: ' : ',.I """ ps, 1."1111 Term Fl ••xurul :v1ndulus

:-.i ::.! Saft't~ Factor
" : -;- Insuuform

Enhancement Fuctor
q : Tahl!' :'-ill. I Ovuluv rn
~ e .1.000 PSI Flexural

:5lrHs

?rt."~~ur •• Lrrnued f)u •• tll ilt-r1••cnun "f Fiat

I )t-!l""\I"n limited to .;.. ,,! I.•.. :'I.;P'II!",!",lIn .•H.~al"
~ IIH " :v1l'an Outside Diameter of Insituform' I

,~tl'an Insuuform ' Thickness,
I' : T.">j,,:-,;,, i'" .rht v He-dul·1I1111F:ll'tor

1.: I.,·nllth 'I! Flal

I) Mean Diameter of Inlltuiorm •

~c) Pipes with Seltment Missing
?n·"ur ••• Lirmted Due tll Huddlnll

II t"':! r:p:

,~I)H, {k}

r
p': :!E ! 1 [{: :"" ' ]

., - - ·1
.:'I·\-"~IlR.II·::-'; ~}

•• : angle in d~ of Mi •• inr s..ment subunded at the c.nter of the pipe.

p' : Sat'l' dt'sllCn pl'I!:iliurl' IPSII due to saturated sorl.

'1:!lIlh fr; Saturated Soil Oeftlllt~IIOeptn IIfhur~ in ft. I

l~4 in." it."

:'-iOTE. Fllr1'tt."llu:d tlll"ss than nO l'ht'l:k fllr ':11 R••strmned HUl·klinlC.

TABLE SO. 1

Factor C l.O .st I .1i4 : .70 I .64

Ovulirv ", q II I.1l . :!.O i 4.0 i .).0

Ma



NOMINAL SPECIFIED INSITUFORM® THICKNESSt REQUIRED BASED ON
EXTERNAL PRESSURE AND THREE SHAPE FACTOR CONSIDERATIONS·

I 0' -8' DEPTH I 11.1'- 12' DEPTH J 1%.1' - 18' DEPTH 18.1' - 20' DEPTH I 20.1' DEPTH : 24.1' DEPTH

Mia._ s-fted I Mu.- s-tIMI 11I1- ~ !Illni_ s..atIMI I !Illn._ s-tfted I !IliDl_ "-"'"
E••••• o-cn I•••••••••• • 0.... 1--", o..p I••••••••• • 0...... I_III""'" o..p 1_"",'1 0...... I••••aot•••••"
PI" ~ ,","",,-,~ ~,~ ~ TlI~ nileS- TlI~ TlI__ 1TlIIC1l_ TlIic_,
1.0. ,IncMeI '~"Il 1 'IncMeI ,...., ,1- ,Mil' ,1_. ,...., ,Ind,•• , '!II!!,) ,1M"", .!11M)

6" I .091 3 I .103 3 .113 4.5 I .122 4.5 i .129 4.5 .IJ6 4.5
,'\"

I .121 6 .138 6 .151 6 .163 6 ; .173 " !1!:2 6
[0" 1.51 6 ; .172 6 .1119 6 I .204 6 216 ~.5 .,.}- 7.5, 1
t:.!" I .11l1 6 .:207 6 ..",- 7.5 i .244 7.5 259 7.5 27:3 9.-'
15" i .:.!::!6 7.5 .:158 7.5 .284 9

!
.305 9 .J24 10.5 Joll 10.5

I :1:3" .::!71 9 .310 9 .341 10.5 .366 10.5 389 [2 .409 L:2
21"

j
.317 9 i .362 10.5 .a98 12 i .428 [3.5 .454 [3.5 ,,77 [3.5

:24" 362 10.5 .413 12 .454 13.5
I

489 15 .519 [.~ i .~5 16.5
2-:- I .0407 12 1 .465 13.5 .511 15 .550 16.5 .583 [6.5 I .014 [8,

I

i:30"
, .0452 1:.1.5 ..517 15 .568 16.5

I
.611 18 .648 19.5 .66:2 19.5I

••
;)6" I 543 16.5 .620 18 I .681 19.5 .733 21 .778 :.!:l.5 :;111 24
4:2" .6JJ 18 .724 21 .795 225

I
.855 25.5 .908 :!7 ~54 27

48"

I
.724 21 .827 24

I
.909 25.5 .9;; :28.5 1.037 :30

I
1.091 31.5

.)4" .814 24 .930 :27 1.022 :)0 I 1.099 31.5 U6i :33 1 .,.,- :34.5._,
60" .905 :25.5 1.034 3D 1.136 33 1~ :34.5 1.297 37.5 U6:! :39

I
"The above chart IS bued on an open channelllUltuform· Pipe subiected to an exumalatatic water head. equal to the total depth and
shape factors of no worse conciitton than an ovality of 2'~" a flat 10 the circumference no creater in WIdth than 20'~,of the ciiameter. and no
mlAlOg segment oi Pipe greater than an angle oi 60° on the =mierence. The design IS baaed on a cunei thermOHt Insltuiorm' WIth a
~odujua 'E' of 300.000 p~ and loni' term behaVior bemg taken into account by talOg a lower value to allow for creep. :-IOTE: The table
recommends an lnaituform· thickn •• based upon the fiberfelt tubes currently manufactured. The thlCkneu oi Insltuiorm· arter cunng IS

dependent upon the condition of the Pipe and the resin uaed: it is expected to exceed the rrurumum design thICkn•••.

+Ncminal specified Insitufonn' thickness Iavailable in 1.5mmincrements).

I OVALITY FLA T I~ C[RCt::WFERE~CE :W[SS[~GSEGME~T
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I INSITUFORM~:DESIGN FOR INTERNAL PRESSURE

~

The maximum internal pressure that can be applied to Insituform.& depends mainly on the structural soundness of
the existing pipe. Insituform.& fits the inside diameter very closely and will deform under loading, allowing all
stress to be transferred to the external pipe. Thus where the problem is leakage throuzh pin holes or from the joints.
the pressure rating of the original pipe may be maintained with only nominal Insiturorm ' thickness.
Where there are only small holes in the external pipe. no ring tension will occur. Insituform' is assumed to be a
circular flat plate fixed at the edge and subjected to transverse pressure only and the bending stresses Willequal
a ~ if

d 0 ..le .30 1 .:!6 .:!:3 .21 .19 t:- .to t.) I:J
d 1.6:3 Equation is
-: ~ tabulated:
[) " ;::,DR I :-;OR 20 :10 40;0: so 70 "0 lilt) !20 1';\)

I
•...

r
where d is the diameter of hole and D the mean outside diameter of Insituform' unside diameter of the pipe).
Buried pressure pipes should be designed to carry external hydrostatic loading in the event of the pipe being empty.
This condition may be critical for large pipe with numerous holes or open joints carryi.ng low internal pressure and
non-bonded Insituform': external pressure may regulate the thickness rather than the internal pressure rating.
For the external loading conditions. refer to the appropriate charts in earlier sections.

• p : .;.:l:l j.Ill tT
ISDR.l)" 1 d r 'Sf'

for d n equal to or less than table values above
for the appropriate SDR of proposed Insituform ' thickness .

• P : Allowable Internal Pressure (T Long Term Tensile Stress = 1.500 psi N Safety Factor = :2

5016



ALLOWABLE PRESSURE PSI vs, INSITUFORM ~THICKNESS IN MILLIMETERS
Insituform'~ Thickness (mm) for dID: 0.025

PRESSURE; PIPE DIAMETER IN INCHES
psi 6" 8" 10" 12" 15" 18" 21" 24" 30" 36"
O· .30 3.0 3.0 3.0 3.0 3.0 .'3.0 3.0 :3.0 :3.0 3.0

51 . 150 3.0 3.0 3.0 :3.0 3.0 3.0 3.0 3.0· .3.0 :3.0
151· .300 i 3.0 3.0 3.0 3.0 3.0 ~.5 ~.5 i
301· .300 ~.5 ~.5 ~.5 ~.5 4.5 ~.5 ~.51
501 . 1000 , 4.5 4.5 4.5 4.5 r
1001 . 1500 : 4.5 4.5 I CHECK PRESSURE RATING OF PIPE

Insituform· Thickness (mm) for dID = 0.10
;PRESSURE I PIPE DIAMETER IN INCHES

psi 6" 8" 10" 12" 15" 18" 21" 24" 30" 36"t o· 25 :3.0 :3.0 :3.0 :3.0 4.5 4.5 4.5 0.0 7.5 9.0
26· .30 3.0 3.0 3.0 4.5 4.5 6.0 6.0 7..5 9.0 lO.5
51· 75 3.0 3.0 4 ..3 4.5 6.0 7.5 t.s 9.0 10.5 1:3.5
i6·100 i 3.0 3.0 4.5 6.0 6.0 r.s 9.0 lO.5 12.0 15.0

101 . 125
;

3.0 4.5· 4.5 6.0 7.5 9.0 10.5 12.0 13.5 16.5I
126 . 150 , 3.0 4.5 6.0 6.0 7.5 9.0 io.s 12.0 15.0 l8.0I

I" Insituform· Thickness (mm) for dID = 0.20
PRESSCRE . PIPE DIAMETER IN INCHES

psi 6" 8" 10" 12" 15" 18" 21 " 24" 30" 38"I O· 25 3.0 4.5 4.5 6.0 7.5 9.0 9.0 IO ..~ 1:3.5 16.5
26· 50 4.5 6.0 7.5 9.0 IO ..~ L:3.5 L5.0 L8.0 :21.0 25.5
.~l· 7.~ 6.0 7.5 9.0 lO.5 L3.5 L6.5 18.0 :21.0 25.5 :31.5
76· 100 6.0 9.0 10.5 12.0 L5.0 L8.0 21.0 24.0 :30.0 :34.5

101 . l25 i.5 9.0 12.0 1:3.5 l6.5 L9.5 24.0 27.0 :33.0 :39.0
l26· l.50 7.5 io.s L2.0 L5.0 lS.O 21.0 2.5..5 28.5 :36.0 42.0

c--.

SECTION I - RECOMMENDED SPECIFICATIONS FOR INSlTUFORM ~

I:
I

1-1 INTENT: It is the intent of this portion of this specification to provide for rehabilitating pipelines by the
inversion of a resin im'Ore~ated flexible felt tube. The tube shall be saturated with a thermosetting resin and
inverted into the existing pipeline utilizing an inversiorr standpipe and hydrostatic head. Curing shall be
accomplished by circulating hot water to cure the resin into a hard impermeable Insituform ' pipe. When cured.
Insituform t should extend from end to end in a continuous tight fitting watertight pipe-within-a-pipe. Insituiorm'
is a patented process installed by licensed installers.

1-2 REFERENCE SPECIFICATIONS AND MANUFACTURER'S STANDARDS: This specification
references American Society for Testing and Materials t ASTM) standard specificanons and Insituform of North
America. Inc. t INA) manufacturer's standards which are made a part hereof by such reierence and shall be the
latest edition and revision thereof.[
1-3 GENERAL CORROSION REQUIREMENTS: Insituform ~ shall incorporate thermosetting materials
which will withstand the corrosive effects of the normal existing effluents. liquids or gases.

1-4 FLOW ANALYSIS (Industrial Areas Only): In industrial areas subject to mixed flows. the Owner shall
obtain samples of the flow and have them analyaed, This analysis shall be supplied to the Installer for his
information and use.

1-5 SIZING: The felt fiber tube shall be fabricated to a size that when installed will neady fit the internal
circumference of the conduit as specified by the Owner. Allowance for circumferential stretchini during insertion
shall be made as per INA manufacturer's standards.

1-6 LENGTH: The length shall be that deemed necessary by the Installer to effectively carry out the insertion
from inlet to outlet points, The Installer shall verify the lengths in the field. Individual inversion runs can be made
over one or more access points as determined in the field by the Installer and approved by the Owner.

1-7 INSITUFO RM MATERIALS: The polyester felt tubing. including the polyurethane or poly-vinyl chloride
covered felt and the thermosetting resin shall meet INA manufactUrer's standards.
N6



a) General - 'Dhe Installer shall submit his proposal for the appropriate length and size designated on the
proposal sheet. Insituform ~thickn~ shall be specified for each line in the proposal form. unless otherwise stated.

b) The cured Insituform· shall conform to the minimum structural standards. as listed below.

[-8 PHYSICAL PROPERTIES
Cured lnaituform~
Tensile Stress
Flexural Stress
Modulus of Elasticity

Standard
ASTM D-638
ASTM 0·790
ASTM D·790

Result.!
:3.000 psi
:3.000 psi

:300.000 PSI

1\

If so directed. the Installer shall furnish. prior to use of the materials. satisfactory written certification of his
compliance with the INA manufacturer's standards for all materials and conformance with methods or the
Insituform process.

[-9 DEVIATIONS: The deterioration of pipeline is an ongoing process. Should pre-Insituforrn ' inspections
reveal the pipes to be in substantially different conditions than those stated in the design considerations. then the
Installer shall request a change in thickness supporting such request with design data in accordance with INA
manufacturer's standard design policies. The deviation. if approved. shall be reflected by the appropriate addition
or reduction in the unit cost for that size as shown in the optional portion of the proposal.

1-10 INSTALLATION PROCEDURES: The following installation procedures shall be adhered to unless
otherwise approved by the Owner's representative.

a) Safety - The Installer shall carry out his operations in strict accordance with all OSHA and
manufacturer's safety requirements. Particular attention is drawn to those safety requirements in volving working
with scaffolding and entering confined spaces.

bi Cleaning ofPipel,ines - Prior to Insituform· of any pipe so designated. it shall be the responsibility of
the Installer to remove internal deposits from the pipeline Idesignate cleaning method here or refer to standard
cleaning specification. if contained elsewhere in this document).

c) Inspection of Pipelines - Inspection of ncn-raan-entry pipelines shall be performed by experienced
personnel trained in locating breaks. obstacles. and service connections by closed circuit television. The interior 0;'
the pipeline shall be carefully inspected to determine the location and extent of any structural failures. The location
of any conditions which may prevent proper installation of Insituform e into the pipelines shall be noted so that
these conditions can be corrected. A video tape and suitable log shall be kept for later reference by the
Owner: Engineer.

d I Bypassing Flow - The Installer when required shall provide for the transfer of flow around the section or
sections of pipe designated for Insituform·. The bypass shall be made by diversion of the flow at an existing
upstream or higher pressure access point and directing the flow around the section to be taken from service. Bypass
lines and pumps. if necessary, shall be of adequate capacity and size to handle the flow. The proposed bypassing
system shall be approved in advance by the Owner.

e J Line Obstructions - It shall be the responsibility of the Installer to clear the line of obstructions such as
solids. dropped joints. protruding branch connections or broken pipe that will prevent the insertion of Insituform -.
If inspection reveals an obstruction that cannot be-removed by conventional cleaning equipment. then the
Installer shall make a point to repair excavation. to uncover and remove or repair the obstruction. Such excavation
shall be approved in writing by the Owner's representative prior to the commencement of the work and shall be
considered as a separate pay item.

I
I

I
I [-11 INSTALLATION OF INSITUFORMii

aJ The Installer shall designate a location where the uncured resin in the original containers and the
unimpregnated fiber felt tube will be vacuum impregnated prior to installation. The Installer shall allow the Owner
to inspect the materials and 'wet out' procedure. A resin and catalyst system compatible with the requirement of
this method shall be used. The quantities of the liquid thermosetting materials shall be per INA manufacturer's
standards to provide the lining thickness specified.

b J The wet out fiber felt tube shall be inserted through an existing manhole or other approved access by means
of an inversion process and the application of a hydrostatic head sufficient to fully extend it to the next designated
access point. The impregnated fiber felt tube materials shall be inserted into the vertical inversion stand pipe with
the impermeable plastic membrane side out. At the lower end of the in version stand pipe. the tube shall be turned
inside out and attached to the stand pipe so that a leakproofseal is created. The inversion head will be adjusted to be
of sufficient height to cause the tube to invert to the next access point designated and to hold it tight to the pipe wall.
to produce dimples at side connections and flared ends at the entrance and exit access points. The use of a lubricant
is recommended by INA. The INA manufacturer's standards shall be closely followed during the elevated curing
temperature so as not to over stress the felt fiber and cause damage or failure prior to ClSH. (In certain cases. the
Contractor may elect to use a Top Inversion. In this method the impregnated tube is pre-inverted to a distance that
corresponds to the minimum inversion head and instead of attaching to an elbow at the base of the inversion stand
pipe. the tube is attached to a top ring.)

c) Curine - After inversion is completed the Installer shall supply a suitable heat source and water
recirculation equipment. The equipment shall be capable of delivering hot water to the far end of the pipe section
through a hose, which haa been perforated per INA manufacturer's recommendations. to uniformly raise the water
M6
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temperature in the line section above the temperature required to effect a cure of the resin. This temperature shall be
determined by the resin. catalyst system employed.

The heat source shall be fitted with suitable monitors to gauge the temperature of the incoming and outgoing
heat exchanger circulating Water. Thermocouples shall be placed between the impregnated tube and the Invert at
the far access point to determine the temperature and time of exotherm. Water temperature in the pipeline during
the cure period shall not be less than l50° F or more than 2000 F as measured at the beat. exchanger return line.

Initial cure shall be deemed to be completed when inspection of the exposed portions of Insituform' appear to
he hard and sound and the thermocouples indicate that an exotherm has occurred. The cure-period shall be of a
duration recommended bv the resin manufacturer. as modified for the Insituform' process. during which nrne the
recirculation of the Water and cycling of the heat exchanger to maintain the temperature continues.

d) Cool Down - The Installer shall cool the finished Insituform' to a temperature below 1000 F before
relieving the static head in the inversion stand pipe. Cool-down may be accomplished by the introduction of cool
water into the inversion stand pipe to replace water being drained from the downstream end. Care shall be taken in
the release of the static head such that a vacuum will not be developed that could damage the newly Installed
Insituform' .

e) Finish - The finished Insituform' shall be continuous over the entire length of the insertion run and be as
free as commercially practicable from significant defects.

Any defects which will affect. in the foreseeable future. or warranty period. the integrity or strength of
Insituform e . shall be repaiTed at the Installer's expense. in a manner mutually agreed by the Owner and the
Installer.

1-12 SEALING THE ENDS: If due to broken or misaligned pipe at the access points. Insituform • fails to make
a tight seal. the Installer shall apply a seal at that point. The seal shall be of a resin mixture compatible with
Insituform' .

1-13 BRANCH OR SERVICE CONNECTIONS: After Insituform' has been cured. the Installer shall
reconnect the existing active branch lines as designated by the Owner. This shall generally be done without
excavation and in the case of non-man entry pipes. from the interior of the pipeline by means of a television camera
and a cutting device that re-establishes them to not less than 90 percent capaciry,

1-14 TESTING: The watertightness of Insituform' shall be gauged while curing and under a positive head
After the work is completed. the Installer will provide the Owner with a video tape showing both the before' and
after conditions including the restored connections.

1-15 CLEAN-l:P: Upon completion of the installation work and testing. the Installer shall reinstate the projec:
area affected by his operation.

NOTE: A price and payment schedule should accompany these specifications to clarify methods of measuremen l

and payment for Insituform' (including partial payment) and incidental items.

t;

AfterBefore

InJltui 0 ,m
OF NORTH AMERICA, INC.

3315 Democrat Road / P.O. Box 181071 / Memphis. TN 38118 / TWX 810-591-1252 / Ph. (901)363-2105
lnsuuform " IS a r~lst~red trad~mark of In.ituform of !'10M Am~nca. Inc.
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"Our engineering staff had recommended complete replace-
ment because no known rehabilitation process could be
effectively applied to an inverTed siphon like this. No oro-
cess. that is. until we discovered Insituform. By relining the
tnsitutorm way we saved over S40.000 compared to our
projected replacement cosrs ...and tho work progressed
witnout excavation in surrounding lawns ."

I How Insi1uforrn Works:
-I •••••, ....,...,-.<M-•••••=&::::IIii---::. ;.......-. _ I .-~--~......,...,..:-I

. -k I
'W

I
~~.-!,

•. ,rf:51
I
IT .l. -esln ••moregnalea liner IS The ena of me .oner 5 ~ulleo

'eo 'niO an ,nverslon nJDe :MrouQn rumec nSlce'vul
NC'C~ "as Oftn ereclea

.,n~Slte

~"'e" ::amoeo arounc ~@

:clTO!T' cr ::'Ie anQle
"'.;e'510n n.•oe

'\

-~
"", ,

Alter tne e"lIre ,ner'$
,n olace. me waler -s ne.tea

':"he NeH;m of a COlumn
Of Nater ~ocea trcm aeeve
mrem !1"IelIner ana ousnes

,I ,ntO ,,,e OIDeDetnQ
"'enaoilitatea.

A.s ...",:re 'Nater Ii accec
aoOltlonal liner 5 reo .nrc

",etuDe ana rec"CUIltecJ to cure
rtte IIne~ ana IIr~'"III" form
1 new Olce wlmtn me Old

'nSltuform IS a better method Of cice-
''1e renacilitation ThiS rernarxaoie oro-
:ess uses a fleXible polyester iloer felt
uner that IS mstauec througn eXisting
-naonoies. SOno excavation ISneedea.
The liner conforms to the Interior of
the pipe. filling cracxs, bridging gaos
at secarated ;OI~tS. :'1egotlatlng ceres.
and even CUShing grounowater asice
uccn :un:-:g. InSltufor~ "orl'"'S a :ougn
curaote new olce Wit!""" the -=10. ~"c
cecause :Olr:s are ~llm,ratee :~e new
Insnutcrrr c.oe .s 'J~er' 5:""'oo::-er :"a:.
::-e Jr!gH'a! ::-:'"s "c~eas;rg :"'e "Cw
anc 'eouclrg mamrenance neeas
I~e .nsrrutorm orocsss can oe _see :J"l

Dices from.. to 1CS" In c.arnerer. :C
transport arrnost any type of IICUIe:
Test resuits and case msrones are avail-
able Cali or write for fur-mer Informa-
tion acout accncanons you may nave
In mind.

In.sltUFCRm
01 NO.-nt AMIIItCA. INC.



Public Works
New Sewers from Old:
The Anatomy of an
Innovation Transfer

•

C'JCIICworxs cuectors are generally con·
servauve tvoes. They want 10 maKe oarn
s!.;re tnar a orocuct or orocess 'or Nn:c:"l
mev are soenOlng iaxcaver 'T10nev really
certorrns :ne way :1 ,5 sucooseo 10 Their
'eoutallon IS. alter all. on Ine line ano wno
can otarne them lor oelMg pruoent? Yet
oruoence IS rarely tounc on Ine leaolMg
eoge 01 «movaucn ana we Inlnk II 5 news
INnen a cuenc 'Norl<S OlreCtor refers 10 a
anllsn sewer relining process, omv recennv
:ntroouceo In tms country. wltn great oraise
;'Icnaro 0 Thomasson of rne Wasnlngton
Sucuroan Sanitary CommiSSion IWSSC)
says rnar 'Inslltutorm can certainly be
consicerec Ine ultimate best answer for
some ot tnose restcrancn oroiects wnlcn all
sewer agencies encounter ana wnlcn.
betore InSlitutorm. seemeo to aety leaslCle
sorunon " QUite an enoorsement.

The orocess was ceveiccec by a Btillsn
engineer. Enc WOOO.In 1971 It came 10 tne
States In 1977 ana IS now aecnee In a
vanety of locations trom coast to coast,
InC'uOlng R&O preiects sponsored by EP;b.
Unoer the uniQue orocess. a reSin Impreg·
natec fel! lining IS Inverteo and ted IntO Ine
sewer or water line to ce repalted. This
matenal IS then 'curee In ciace to torm a
r'lIgnly resment ana ccrros.on-resrstarn nn-
Ing. Atter tne process nas oeen cornoretec,
tne lining oecomes a narc. Impermeatlle
oloe-wlthln-a-Plpe. By varying the oarncu-
:ar res.ns useo. the InSltutorm process IS
accncaoie to almost any mcustna: or
muniCipal reQuirements

InSllutorm IS Inserteo rnrough manncies
ov means ot an rnversron tuoe wlln lIS eno
lurneo msice out ana attacneo oy a nng to
tne enc ot rne tuoe Tne lining IS then Clown
uroer Nater pressure into Ine oamaged or
leaKing sewer line COIO water pumped
:~rougn Ine «wersion tuoe torces rne IlMer
'IrmlV against tne Inner wall to wnlcn Ine
reslM sloe aaneres. When tne lining IS tully
exlenoea. !ne coic water IS recircuiateo
:mougn a couer ana olscnargeo into tne
Oloe ov a iavnat luoe at 160 oegrees Wnen
:ne :ure cycle .s ccmorete aner several
ncurs. tne tuoe IS wltnorawn the water
oumcec OUI. tne enas ot rne liner Cut crt ana
the lateral openings Covered by tne InitIal
accncaucn at InSllutorm restoreo QUICkly
anc Cleanly tram the InSIOe uSing a rllgn
resoiuncn televISion camera tolloweo ov
tne InSllucuner' born ounec along by an
armoreo cower Suppty caeie

Aavantages In uSing tne InSllutorm pro- .
cess InClude:

~

I
I

I
I
•

URBAN INNOVATION ABROAD • OCTOBER 1981

.. ~' :~.'
.~ .. ~,~. '
...4 ~•. "A •••

The In_tuform ~ liluanted .Ooft
cr. ••••• new "pipe _ •••In • pipe".

• QUIcKer ana more economical InSlal-
iauon

• Aoaolaollily to bOlh extreme not or
cola climates:

• Minimal Inconvenience to cmzens and
ousmesses:

• unconstnctec or Improved flow capa-
bilities ot Ploelines: ! ,

• AoaotaOlllly to almost any snape Pipe-
line.

• SultaOllity tor Pipelines With numerous
lateral connections:

• ReSistance to cnermcars-e-vancus
resins can be used.

One at tne tlrst malor U S relining
croiects was unOertaken by InSllutorm.
East. Inc. a licensee of Insnutorm ot Nortn
Arr.ertca. tor tne Wasnlngton Suouroan
Sanitary Commission (WSSC) An exctu-
sive country ciuc tnat sat on too of part of
tne renaCllltatlon prOlect nao adamantly
reslsteo renaollitatlon worl< on an Inter-
ceptor sewer tnat traverseo Cluo prooerty
lor tear of excavation. on tne marncurec golf
course. The CommiSSion ImOlementeO rne
Insltutorm tecnmcue to SOlve rne logistical
proolem Wltn rne assurance !nat rne
Insnutorm process wOulO not Olsturb CIUO
crocertv. worl< got uncerway

More than three rnousano linear teet ot
line were renovateo at tne country CluO In a
cenco of three WeeKS. uncer ccnvenuonat
reClacement mernoas. InlS same ororec:
wouic nave laKen a year 10 cornmere. uSing
tne Inslturorm metnoc. most ot Ine worK
was oone at nlgnr wltn gOlfers scarcely
miSSing a strOKe Total cost Of tne country
c:uo prorect was 5336.847 or an average
untt cost Of 5102.94 per linear toot. It was
estimated tnat by uSing rne Insnutorm
metnOd. almOSt 5500.000 was saved.

So tar. WSSC has restorec a total of
59.619 reet of sewer uSing tne InSllutorm
metnoc. wltn sewers ranging In size trom
SIX InChes 10 24 «ienes.

A ccrncanscn survey between total re-
placement. SliP liMing and msitutcrrn on

.~ ~~ .. iiiJE#. . _...... -.... ~ ..:~~..:
.-- . ...-;: -. -----

u.of •• /atin9 ace ••••• mlntm.'1Ds •• eawa.
lion 'nd '""'"'""""'tal dllNDlion.

several comoaraole oroiecrs. snows !nat
t"e InSllutorm process COStSan averge at
550 per linear foot Ofpipeline COStS tor :otal
reOlacement averages 5150 oer linear 'oct
Slip lining. casec on tne same ccmoanscn
tecnntQues. costs 585 per linear 'OOt -'1e
savings USing !Me InSilulorm crocess vary
trom 535 to 5100 oer linear '001. oeoenolng
upon held ccnorncns encountereo on SHe

It you are womec now long rne reoal' !CO
Will last. the current estimate IS uo 10 lit:)'

years so you can nane !Me orceiern to yo!.;r
CounCil In 2031 /We nave contact Informa·
tlon tor the reseons.cre cecuc 'NcrKS cr-
hClals ana Ine regional -censees cr '''e
antlsn process) c

In.sItu~m
C»••••• ..-.cA. IMC.
3315 o.nant ~P.O. BcD111m
••••••••••• 1M 3I1111PH. 901-363-2105
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HOWINSITUFORM'WORKS:------

•

I
I

-"'e "'SIn.,.:::rr-· crccess
5 OCSICCIIV'-Ierv $ir."Cle .l.
'"er -::regrcrec 'NIIT' c
ci..c '~Slr '5~ec InTOen
~·.erslcr '\..ce wr.c:" -es
::ee,...· o:!'rec~eo:r·5iTe -~e
'"'O!r -~S::i' -::er~ecole
::=.-; : ...-~ :~....s.ce
...'": •.~cses "'=~=:::-g:::-::
::~=\.-ces = Neier ==r~'@r-:r
-I! '""'.S!"SiC~crccess
(seehQ.1)

-"'e -eI"'\C cr -e qr"er
=~llec.,...-='-;~ "I. ..:t'T"'eo

~s;ce<)l..r (5•• FiQ. 2)

-el'"l c-c+cec crcur-c
.•...e ccrrc:- :r::~c:"'gJe 'r".

,erSicr '\..oe (see Fig. 3)

/vcrer ':'on" neorcv
-vcrcr-rs ~lIsfrle ,nVer;lon
•••.•oe. ~e'" !!'Ie 'Nelgr'ITcr "'e
ccu .•:-~ cr Ncrer ccsres T'e
'e!l :""'er r'lSiCe-OUrcne .rro
-e c:ce ce!rG 'erCOIIi-
"cree (s•• Fig. 4)

I
I

.l..S-e'e Ne:@!' 5 cecec
'': -Clrrc:n -9 'N~lg;r:t
-e -:::~,-'"=i:: ===:~'C~~:
"'9" s '!'C "'"1: -~ r..••ce
-e ':~er3:""-=~eS ·5 AiC','

':rNC~::-~:i...;~-~::ce
(see Fig. S)

-...~ NI!';~· :- -~ .·,C·~'
:"'?sses +e ::c~eo:=·~I·~
-e "'-:'Se ...•e"'s •=:-C -~~
cresses -e ~eslr -c~~g·
-::r9C 3.Ce -::r:: =C;::::-S·
-~ ~slces :r-e cc+ccec
c ce ec-i":-g -C? s-c=-
cccrec s.ce ·::S -~ -~'N
•..r~~'cr s'w:-:ce :~ -'! "e·
"'==·:··~~ecc.ce .:.:-~~-'!
-S-' "ec=~'!s-~ --=tT -:;-.
"'c~ecr ::T'!"er::::::955 =c:~'
~e Ncrer 5 -ecrec ~c ::..re
+e '9Slr .:::--:~;::"" -oer·
-ec::!@ ....ew :::ce NI:!"""'r'

-e ::C -"'e -=,..=S ::re : ..•:
:!"' .....e "'eo::: ::f NCier s
-~Iecsec ::r:: -e .11""11"'19
:c:e'=~'='" S :::-::ie!e
(s •• F'g.o)

INSITUFORM' negOTICTes oe"'os.

INSITUFORM" con line 4" ond 0" iCteI'olS. INSITUFORM" retnstaTes laTerol
eeeneenees trom wlttun USI"Q 0
SC8CIOI Insltuc:utter.

6 ._" ., ~--••

INSITUFORM' "'cs successn»> : ~
Instolled In PIPes uC ro 108 r:
om",er ... one we noven' ,~::~
our ilmlT veT!
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In.sltUFQqm r M.

UTERAllY CREATES A BETTERPIPEWITHIN THE OLD
!nsrtuform' offers 0 QUICKerere etten more

ecooormcct ccercccn to sewer one Clcellne
'er.oollitonon The crocess uttlizes 0 ocivesrer telt
:,ner wnlcn ISrOllcred ro rne cicrnerer cnc lengTl'! cf
-e O!Oe rc oe 'eoOlreo. The lI!"1er.""oregnoreo 'Nlm
c "OWIO~er"""'csemrg -eslr 'sr-stonec OV ",se of on
:~verSlon ruoe cnc wcrer cressure NrIC~ rums ~e
Irer Insloe out er-e ~orces ,r .nro ••.•e oroe. snugly
egoJr.sr Tl'!eoomogec Oloellne s !r.renor surfaces.
Wren "'e liner !Sf\.;lIveXTenoed ~e wcrer !S"eored
cnc recrcuicrec rc ncrcen :t'e 'esln ~us fermlng
on Imoermecole corronon-resrsrcr-t '"!ew croe wlrf'w,,\
me Old.

No cmer renooliitonon ""'ernoo ccn ""orc~ ~e
cvercn eose of ,nsrOllonon cnc me verscnurv cr Tf'Ie
'nSltuform' process. in fact. In ~anv occsv oereno-
rerec segmenTS of cioe. InSITUform' :5 me only
feoslble alternonve to tOTOI~eolocemenr

,nSITUtcrm' ISOUICI(one SlmOle. ::::onomICOI
:ffectl'le. Ano 10SMg.

I
I

I"Jlturo:lm r M.

BRIDGES GAPS, FlUS HOLES AND CRACKS.
TURNS ANGLES.

";PCr1 :nsemc" ,r.sln...fo~· S olloo'e cr c -e 'ev"
'5 ,1"10 "ISCUOUS1I0UJOsrcre. Ollcwlr; -s:~~::r-' .:
cncce geos. :ill creeks. C\,.;sr;~:'--:: Ne~e'cs.cs
0:-0 e'/e" u~ Nice ::~g!es. ":'re :e-:c;..;: -.; -e'
Irse!t 'S "9lOTl"velv ,.,..!~~ .: .= :,;" =ecS'I"':::, ....; _::::-
cccsccnco J . .r+crcs ,S91t !lgrfJ'/ =gc::-s~ ":"': ,!"'-';'
walls of~e cice IC fcr~:: srrccr- Si..rfece -= ::'"er-
:IT'oroves ~e overcu '1Cw :eoec:'\' - •...e -s:'i.,.:c--·
process CC" ce ••sea ,r, CII'!'CS;crv srcce ::oe-
Circular. cvci scccrs. egg-sr.ooeo-~:r-'::" ~c ':5'
," CIOr,"lerer.
..l.nvlaTerel :cr·"eC!lcr-s ccverec :'/e' =w~':-g --e

'Ir.lr"lg process ere ecsnv -eSTcreo ~Slng C 'e""c~e
comrouec InSITUcurrerwr!cr-: wOrKSfro:'"" ·NIr."'lr+e
Oloellne WITI'!OuteXTemal exccvcnc-s-icr- ccvcr-
toge wrucn ~ol(es ir"lsituform' eseeccnv we!1 .i..ireO
for Oloellnes WITI'!numercus cCf"lf"lec~ors :::-0
IImltea cccess.

t
• <

INSITUFOm-.A· ISoeelicoele '0 01.
moSTany snoces ... round. ever
SQUare.ethehCOI.

INSITUFOm-.A· scans missing seenens
OtPlce.

INSITUFO~M' CO" reline man·
I'1OlesOISO.:0 form 0 comelere eer-

I
I

, .
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IlUItU~mT ....
HAS PROvtN ITSELFIN
BOTH MUNICIPAL AND INDUSTRIAL INSTAUATIONS.

ine InslTUform' process IS0 stcre-of-It'\e-ort

recnnloue now SeNlng tt"le pipeline renoollltct10n
!"'\eeos cf customers In 26 nations around me gloce
,nsITUform' seals. strengmens cno preserves ~unIC'
,001 ene :ncusmei ploellr.es 0'1 cuuelr.g c smoom
wall. corrosion resIsTentPloe-Wlmlt'-a-oloe.

inslTUform' successfullv halts InflltrOTlon exftltratlOn

of grounowater In oetenoratea oioe Systems. srccs
Infiltration of fine sond ·....mlcnunoerrr1lf~es oloes ono
couses surface coliOpse Prevents root oenetrOTlon
cnc ceans formOTlon 0'1 eliminating ploces for
aeons 10occumulate And tt"luSsaves mousor'lOS
of Oollors In sewer olpellne rencollitOTlon. ooerOTlon
one mOlnTenonce costs.

Insltutorm' Irs me proctiCal altemOTlVe to costly

pipe replocement.

In.5ltU~m T .••.

LMS UPTO ITSPROMISES.
":nSlTUform' ISrruiv IN'\OV,atlveono c ~.ucn-

r.eeoec sewer restoraTion lec~r.leue 'nSlTUfCrr-'
ceo certainlY oe COf"Slcerea me wITl,....cte.cesr
cnswer for sorr,e cf -r-ose reSTcrOTlCrorcJec~s
wr'llcn 011sewer cge!"'c:es er'lCcl..r!er ere. cer·::e
,r'lsln..fcr""'· seerrec:c oetv ~ecslCle 5CII..:

IC:'"
RiCI'10rOO. Thomosson
wosl'1lnQt0n Suburcon SonitON commiSSion
wosnlnQton. D.C.

'8ur firm nos lr'lvesTigateC e numoer ot :r.sIT\Jfcr~ .
lr.stOllatlOnS acrosS me counTTYGef"erollv. !t' everv
cooliC0t10n STUoleome lining was ImPlel"r"emee TC
ellmlr.ate elmer InfiltrOTIonor exftltrOTlCf"fro"'" sewer
stretc:"les. WimouT exception me parnes intervle

wea

agreed mat me produC~ wos very effecnve Ir'Ime
oertormonce of tT'\ISoeslgf"ated tOS\(.Of"O ell wculd
consloer specifying me tec:",·r.loue ogoln .

F. T. DrIVer.eonsuitino Er'Io,neer
Dnver. OlsOn & DeGroff
Rockford. lIIinelsIlUItU~mT ....

MINIMIZES INCONvtNIENCE TO CITIZENS AND
BUSINESSES.

In tt"le Insltutorm' orocess. me lining enters !t":e
oloellne tt"lrougn monnOles or eXISTIngoccesses.
Tr.us. :nsltuform' reaUlres mlnlmcl excavation as
comporee Wlmomer rT'\emoos.and eliminateS mucn
Inconvenience normolly ossoclatea wlm olPeline
repOlr NO long entrcnce rrenc!"\es. NO destrCvee
lowns or streets. Ano-oecouse wor.: cften occurs
durtng ncn-oea\( evening nours. tratftc flCwS.~ac!crv
war.:. commerce ana It'\e oualiC ore norOlv Incon-
'/er'llencea. MOSTwor.: ISoertormea In e fraCTlcn of
me Time ot omer f"!"IemcdS.so overOl1 enVlfcnme

nTcl

;mooct ISnelo to 0 ~.Ir'llmUm

In region III we nave oroven tt"I~ "'sln..fcr-·· .s
'!"Ie coiv wCV 10go. Not cow ISIt CCSTeffec':1ve. out II
saves ,1'1omer wOYScs well In our cursull ot ceTTer
water cucntv. i believe mot. if all cmes IJsec Tl"e
:r.sltuform· wCV of nonollng melr erce::",g sewers
we wOUld oe successful. ana ciso save !CXoovers

oullcns of concrs
M. G. 'Mike" McGoun8V
AdmlnlSTrotOr Woter Pollution Cormol Dept.
City ot ~oOersrown. MO

'!rSiTUform' 'S'!"Ie greateST inr.OVCt!on T!"CT-cs
CCr'le clong ::",.~e restoraTion Of sewer :Ir.es

Ed BrennOn
PubliC WOf1<SDirecTor
Scull"\ DQVTono. FlonOO

INSITUFORM' conforms to me Intenor
snope of lI"\e Pipe t:)etng ref'lOCIIi-
tOled. wnetner corrugoted melOl.
ClOYPipe. bnCk or orner motenOl$.

·t
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~
refrigerated

samplersr~
These three refrigerated samplers preserve biological
specimens during and after collection. They are light and
compact, and can be easily installed in any place affording
reasonable protection from the elements. They are suitable
for use whenever permanent installation is required. The
controller/pump assemblies on twO of these samplers are
identical to, and interchangeable with, those of the Models
1680 and 1580 portable samplers•.Information relating to
sample collection will be found in the descriptions of these
portable samplers. A refrigerated version of the Model 2100

is not available.

:1

The Model 1S80R refrigerated composite sampler can be
supplied with a 3 or 5 gallon polyethylene container or a
2'h gallon glass container. These containers have a large
mouth and are easily cleaned. When the container is filled
to any predetermined level, aweight activated switch stops
the sampling process and a red indicator light alerts the

operator.

I The Model 1680R uses the sequential controller and a
slide-in 28 bottle rack. Ample room is provided for 32

additional loose bottles.

u
A t!liro rdriMcr:ltL'Cisampler, the Model 1682R, takes eight
s,\l\Iplcs oj up to twO liters each in either glass or
polyethylene bottles. The standard controller includes a
multiplexer so that eight identical composite samples may
be taken with a different preservative in each bottle if de-
sired. For other purposes, eight large sequential samples
may be collected, with each sample being a composite of
up to eight smaller increments. The Model 1682R has no
portable equivalent. Controller specifications are basically
the same as the Model 1680, but a Model 1680 controller
cannot be converted to the eight bottle version.

Rigid foamed-in-place insulation stiffens the refrigerated
compartment, and will not support bacterial growth or re-
tain odors. Both the controller and sample compartment
may be individually padlocked. The door utilizes a magne-
tic gasket for better sealing. Sample temperature can be
selected from 320 to 46°F (00to 8°C) with a calibrated con-
trol. A forced air condensing coil and front ventilation
allow positioning the unit against a wall or in a corner
without leaving clearance on the back or sides.
Wraparound construction of the oversized evaporator coil
provides quick and efficient COOlingof the sample com-
partment. Defrosting is not required under normal operat-
,__ "''''I'\~ition§.

c

\,
'.

:..;~~~T:?'I~

c

If it is desired to convert a presently owned portable sam-
pler to a refrigerated unit, or to have both portable and
refrigerated optio~s on the same sampler. a refrigeratorunit
only may be ordered. These units are identical to the com-
plete refrigerated samplers except the controllers (pro-
grammer and pump assemblies) are excluded. Changing
a controller from the portable to the refrigerated version
takes only a few minutes. Each refrigerated unit includes
the sample container(s), suction line, and all standard

accessories.

Height of the cabinet is 42'h", width is 24Y4", and depth
is 2S'h". Net weight is 116 lb. Available for AC line

power only.
ACOMPlmWEfllCElAtlD1610& or 16121 SAMPlEICONSISTSOf:
1.THEBASICUNIT
1.SUClIONLINEANDSTlAINEI

YOUMUSTSPfCIPtYOUICHOlaOf THEAlOvEflOM 1 AND 1ItlOW:

1.THEIASICUNITA.MODELlUOltor U7VAC,.aHZOPfIATlON
COlIOlIosNumber Pump 10111"
&8.\ 7)().O71 Slilndilrd Polyethylene
f>8-173().078 SlilOdil,d Polyethylene
&a. \ 7)().O79 Slil,wbrd Glm
&8-1 7l().O80 StilndArd GIus
&8. \ 7l().O81 SupenpMCi Polyethylene
&a. \ 7)0-082 Supenpeed polyelhylene
&a.I73(008) SII.,-npeed Glln
&8.\730-0114 Supenpeed GliU

MuIIipleUf\
Yfl
NO
Yes
·No
Yfl
No

Yes
No

(
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•• MOon lU'" fO.134V"'C. SOHZ OP£ ••••TtON
loa-I 1)().01I5 SI-wd Polyethylene Ye
611.I 1)0-0116 St~nd~od Polyethylene No
&a-I 1)().O11 ~nd~od Clan Ye
611.I1l()'o1I1 St~~od Glass No
loa-I1l0-019 Supmpeed Polyethylene Ye~
foa.I1l().O90 Supmpeed Polywlhylene No
&1.I1l().091 Supmpeed GI~II Ye
6&-11l().092 Supe~ GI~II No

CoMODEL "11' fOR 111V"'C. "HZ OP£ ••••TION
foa.I 1)().09) St~nd~od Polyethylene Yes
&1.l1l0-094 St~nd~od ca"s Ye
loa-I1)O-09S Supenpeed Polyethylene Yltl
loa-11)0-096 Supmpeed GI~n Yltl

O.MODEL lW' fOR 134V"'C. SOHZ OP£ ••••nON
6a- I1)0-091 Stand~od Polyethylene Yltl
6&-173().091 St~ndaod Glus Ye
&a-1730-099 Supmpeed Polyethylene Yes
&a-1130-1oo Supenpeed Glan Ye

1. 5UCT1ON LINES AND ST••••,NEI5
114M1.0. ,. 22' Vinyl suction line with poIvproPVlene
bodied inlet IIr~iner. lOt U5ewith ~undaod ~peed pump
~en only ' , .&o-1394-OS4

3/11" 1.0. ,. 20' vinyl suction line with polypropylene
bodied inlet lIr~iner. lOt ute with standaod and super
speed pump ~mplen : &0-1684-0]5

•••CC6SO.16 fOR , •••• -' lUll
Extr~ 211bollie rKk lor Model I&IIOR,with

polyethylene bottle ..............................•...... &0-17]4-005
Extra 211bonle rKk lOtModell&IIOR, with Iiall bott\e5 6a-I73O-I0

1

Fat extra boCde only lOt the Model 1611OR,'" Pa•• 6
Extra II bonle rKk lot Model 16112R.with
polyethylene bollie .....................•............... &0-17]4-0111

btra II bonle rKk lOtModell&82R, with alall bott\e5 6&-1730-102
Polyethylene boIIlltI only lOtModel I foa2R.set
alII with caps · ·· 6&-173()'o37

Glus bottles only lot Model 16112R.set 0/ IIwith caps 6&-,1)()'o311
Tellon lid linen lOt 2.liler alass bott\e5 &0-14113-09

4

exira silicone rubbet pump tube lOt either
Model 161OR, Ot lfoa2R. 11" &0-16114-01&

EllUl silicone rubber pur!I9 !Ubin•• bulk, I 5' Ions 6&-1680-06
1

..!

\

~
II.1odeI 1610R

~

.. '
I',.

.~

ModeI,saoR

•••COMPlm MODEL 1510' .UIlGE ••••nO SAMPlE' CONSISTS Of

1. THE ••••SIC UNIT'
2•••• SAMPlE CONT •••INE.
3••••SUCTION LINE WITH ST••••INE.

YOU MUST SPECIFY YOU' CHOIO Of THE ••••OVE BOM t, 2.

"'1'10 1Inow:
1. THE ••••5IC UNIT

CMiIos Number
&0-1&24.023
&0-1624-024
6a-1620-009
6a- I620-010

Pump
Sundaod
Supenpeed
Standaod
Supmpeeci

Power Source
I 17VAC, 60Hz
117VAC. 60Hz
234VAC, 50Hz
2l4VAC. 50Hz

2. SAMPU CONT •••INE.S
3.Callon polyelhylene container with lid and

polypropylene lid liner...........................•....... 299.()()13·02
5.C.llon polyethylene container with lid and
polypropylene lid liner ·············· .&8·1620·014

2'1t Gallon glass container with lid .nd polypropylene lid
liner 68·1620·013

Tellon lid liner for 2'1t Gallon bollie c~p 60· I483·092

1. SUCTION LINES "'1'10 STRAINE'S
1/4" 1.0. ,. 22' vinyl "",ion line with weilhted polypropylene
bodied IIrainer &0-1)94-054

Jill" 1.0. ,. 20' vinyl "",ion line with weighted polypropylene
bodied strainer &0-1684-035

3/8" 1.0. ,. 10' Teflon- suction line. Neoprene- rubber
protective coilin •• without strainer &0-I6113·I4&

s.me. except 20' len&th 60·1&83·144
Weiahted wainer only. 3/8". alillain\en steel ·····,· ,&0-1&14.110
Tellon- suction line lIarinlltool. 10 ~I\oWimertion 01

above str~iner ., , ,., .. " , ,. ,&0-2103-093

rUMP TUIINGfoua silicone rubber tube. )2" IonS , , , ,&0-1.&.24.015
Extra silicone rubber pump tubin •• ,bulk, 15' Ions . , , 611·I680-061

.UI,GERATO.S ONLY. COMPlETE EXCEPT fOR CONTROLLE.S
Model 1620. lot ute wilh Model 1580 Controller.

I17VAC. 6OHZ., · .. , .. ·· .&8·\&2().Oll
Same. ellCeptlor 234VAC. SOHZ ,· ··· .. · .&8·1&20-012
Model 1730. lOt ute with Model 1610 Controller.

I IN"'C. 60Hz '.' .....•... , ...•• , •.... , r ••••••••••••••• ,68-173()'oJ9
Same, .xcept lOt 234VAC, 50Hz - 68- \ 730-040
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Your Inquiry: r low ;.\a n '\ tor; n a .This quotation I~ mOde on the •• 0•••• ","dillon t•••••••• termS stated below ond on the ••••••• ldeate thO •••• us;•• terms

and conditions of this transaction.

, nl Orden Ar. To Be. Addr •••••• To:

'\t ,.

ISCO, Envtronmental Division
Burgh Scncenenberger As~~cilt2S
t c iue :':ilrr ?(Jall
WyQ=i~~. ~y 14591

To: . Mr~ .b.CA~
Hooker
PO 50x
:;i ag ar a :1'1 i4302

.r·.i'

Dat.: August 27. 1384

~ .~-

b N~etj
.00/ . ~Ivt:~
·OO'S
·OO~.oo s

ITEM AND PRICE

I QUAN- CATALOG
Tin NUMBER

I 5S-152.+-G23

1 55-1620-017

1 6Q-17o<t<1~

I SOO i~ujel l580R refr; getated $...if1P 1er
S tan d a r d (WITH- S ..;pE-1t 3~A Pltl\11J.J $2l2 a . 0Q•.
3 gallon polyethylene container ~ith
lid and polypropylene lit liner 46.00
Interface dev1ce Type C for lliVAC
operation. ~onverts ~urrent signa1
proportional to flow t4-l0ma) to
pulse outputS occurring at se~~able
f law ; n t e r v a l s· 3

7s .00
::.d _ 1 j oj 4 _ 07 7 \ Con nee tor. wit h 12' cab 1 c : ~:-:.Ii n at; n 9in tWO ~ires, for use with non-[SCO flow .-

met~rs naving an isolated contact closure
proportiOnal to flow 32.CUI

;:JiAi.

L :f an order for a cellar volu.e Jf be~~een
S10,OOO and 520,OUO is 0rc~r~c. ~~ere ~ill
be a discount of 5.5~ dvaila)le.on the order.

"!}\.~:.-[':-"'

~!"=o ~~ 7'
•.•..l ;,:,1

S2573.00

. flll~I1A

.,

..
.-~/.'. .'/-r7 ." ,. .By I .• '.~ .'-_~_.t,.;w.·.·_·/.'L·'-L:.a-J

isco Sales RepreSentativePrices are F.O.B. r actoryEstimated shipmen-t-'7"j--"!I'4--w-ee~k-s-a-ft-e-r-r-ece-IP-t-o~f-order.

This quotation expires in 3 a days.Prices include packing for domestic shipmeAt. Special crating extra unless noted.
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Technica\ \nformation

TI27·758

pta-LINED FLOWTUBE

-
l

..•.

NEOPRENE-LINED FLOWTUBE
6.

---------!--~

UNLINED RESIN FLOWTUBE

SANITARY FLOWTUBE

2800 SERIES MAGNETIC FLOWTUBES
proven depondobility and versatility In usa mako FoXbOro 2800 SerIO- FI_u"'" your
IIlSt cholco lor mo••

uring
clo.n, .s wall •• ald.-moly dlltlcull.to-/landle. liquids.

INTRODUCTION
A magnetic flowtube is the primary in-line device in a
magnetiC flowmeter. It is used to measure the flow rate of
electriCally conductive liquids. The flowtube produces a
de or ac millivoltage. This lOw-level voltage is directly pro-
portional to velocity and translatable to volumetric flow
rate. It is converted into a standard transmission signal by
a Foxboro magnetic floW transmitter.
Most industrial and municipal water/waste liquids can be
measured by magnetic flowmeters. Acids and bases are
common applications. water and other clean liquidS
which can be measured by other devices, such as orifice
meters, can aiso be measured with magnetic flowtubes to
take advantage of their many desirable features. Liquids
with suspended solids and certain waste flowS, often irn-

. ~..""a C:"v.bOro Company

pOSSible to meter otherwise, are dependably measured
with magnetic flowtubes. The primary requirement is that
the liquid have at least some minimum ability to conduct

electricity.

CONTENTS ...
Introduction , " ,... 1
Principle of Operation ., , ,.". 2
Flowtube Construction ,....... 2
Industrial Applications ,.. 8
Product Safety , , .. , 10
Optional Features ,.......... 10
Summary ,: , ,.,...... 11

fOXBORO®
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PRINCIPLE OF OPERATION
The operation of a magnetic flowtube is based on
Faraday's law of electromagnetic induction. Voltage (Vo)
is induced in a conductor moving through a magnetic

field.
The voltage is proportional to the intensity (T) of the mag-
netiC field, multiplied by the length (De)and the velocity (v)

of the conductor.

v; = (T)(De) (v)

n

In a magnetic flowtube, process liquid is the conductor
and the distance between electrodes (flowtube diameter)
is the conductor length. Figure 1 illustrates the basiC prin-
ciple of operation. A magnetic field is created by coils out-
side the tube, and the process liquid flowS thrOugh the
field inside the tube. A flowtube must be built so that the
generated voltage is not dissipated through the walls of

the tube.
Figure 2 showS the key components of an actual mag-
netic flowtube. Two metal electrodes, mounted in the
flowtube wall, sense the voltage induced by the flow of the
process liquid. This voltage is directly proportional to the
average velocity of the liquid passing through the flow-
tube. The flowtube coils are energized by an ac or pulsed
de power source depending upon its calibration. The
magnetic field' and resultant induced voltage have the
same characteristicS as the energizing current. The mil-
livolt output Signal is protected from interference by
screens (shields) and amplified by a transmitter into a

standard transmission signal.
The metering tube is basiCally a conduit for the process
liquid. If the tube is metal, it must have a lining (which
serves as an electrical insulator) on its inside wall. A pair
of electrodes, extending tnrough the wall of the tube, are
essentially flush with the inside surface of the tube. The
tube end connections are usually flanged for mounting in
a pipeline. Flared ends for quick-disconnect clamps (sani-
tary flowtubes) and plain ends for Dresser couplings

(largest sizes) are aiso used.

TUBE

F1QUre1. operational Schematic orawlft9

Mounted outside the tube are a pair of coils which create
the electromagnetic field in the tube. A laminated trans-
former steel core mounts around tne coils. This core com-
pletes the magnetic circuit and magnetically shields the
measuring zone. Screened (shielded) leads connect the
electrodes to terminals where the transmitter cable is at-
tached. Except for the ends of the metering tube, the en-
tire flowtube is enclosed by a sealed hOusing.

')'

FLOWTUSE CONSTRUCTION

Metering Tubes
Saslc Materials Because the magnetic field is created
outside the tube, non-magnetic tube materials must be
used. AISI 300 Series stainless steel-the standard for all
FoxbOro lined-metal flowtubes-does not limit or distort
the magnetic field. It is available in the standard pipe
sizes required and is a corrosion-resistant material. The
four choices of lining for stain lees steel tubes are listed in
Tables 1 and 2. A tabulation of tube materials and elec,
ucce metals is given in TI 27-711. Data is included on
chemical compatibility with variouS process liquidS suit-
able for measurement by magnetiC flowtubes.
Unlined Resin TubeS Also listed in Tables 1 and 2 are un-
lined glass fiber-reinforced resin flowtubeS. smaller diame-
ter units (200 mm (6 in1and smaller) have epoxy resin as the
glass bOnding agent. polyester resin is used in the larger
tubes. In all sizes, the inner wall is a smooth glass-free resin
surface. Measurement voltage cannot dissipate into the
pipeline with these nonconductivelnonpermeable tubes.
This eliminates the need for an insulating liner. TubeS of this
construction are nonmagnetic. Reinforced resin flowtubeS
are lower in price than corresponding sizes of lined metal
units, yet are suitable for a wide variety of applications.

\

ELECTRODE
CUP SHIELD

F~ure 2. cut-away View
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.
tubes. the pOlyurethane lining extends' over the flange
raised lace. POlyurethane is much more resilient and
abrasion resistant. but cannot be used at high tempera·

tures or with strong acids or bases.
Neoprene Lined Neoprene is a llowtube lining material
which combines some 01 the resistance to chemIcal at-
tack 01ptle with a good degree 01abrasion resistance. In
2600 Series Flowtube construction. a Neoprene lining
alsO extendS out over the lIange raised lace. Neoprene-
lined 1I0wtubes. with a slightly higher temperature rating
than POlyurethane.lined. are general.purpos

e
unitS.

Sanitary Lined A ptle-lined llowtube. with Quick-
diSconnect sanitary end connections. is used in consU-
mable product processes. TheSe sanitary llowtubes are
ideally suited lor use with dairy productS. beer. sott
drinkS. coHee. molasses. and corn syrup. processed
productS. such as catSUP and other visCOUS.sticky. or
otherwise diHicult.to.measure liquidS. are aiso easily
measured. The sanitary 1I0wtube. shOwn in Figure 3. is 01
crevice-

lree
construction which permits CIP (clean-in-

pia") ope,.lion. It meets ,·A slanda<dS. and U.S Food
and Drug AdministratiOn regulations lor rooo contact ser-

vice.

ptle Lined Fo' plle.lined slainleSS steel ,ubeS. me rec-
omme

nded
ma<imum sleadY p,ocess ,empe,.,u,e is

H5
0
C ,3500F). Because 01this high temperature rating.

and because of its inertneSS 10a wide ,.ng
e

of acids and
bases. ptle is the most widely used 1I0wtube lining mate-
rial. p,efo,med "lubes" of pile are mechanically tilled
inlO Ihe stainleSS sleel ,ube. and Ihe pile ends are "a<ed
out over the tlowtube end connections to eHectively iSO-

late process liquid trorn the metallic tube.
pt. Lined Simila< 10fhe pile' lined "owI

ube
. fhe pfa·

lined

stainless steel flowtube nas a recommended maximum
steadY p,ocess fempe,.,u,e of 175·C (,"O·F) and is
chemically mer 10a wide ,.nge of acids and bases. Be·
cause of its moldabili\V. pfa is used in lhe smallest siZed
"owI

ubes
• Ie" 2.5 and 6 mrn (1110and 114in) siZes. The

pfa is inie
clion

molded inlO Ihe slainleSS sleel lube and is
lIared over the end connections to torm a gasket and iso-
late the process liquid trom the metalliC tube.
polyurethane Lined In some applications. a ptle floW-
tube lining does not have adequate abrasion resistance.
Where extreme resistance to wear or erosion is required.
due to solid particles in the process stream. a pOlyure-
thane lining is olten the best chOice. In 2600 series FloW-

""

Figure 3. Sanitary FlowtUbe
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Table 1.
2800 series FlowtubeS with ac Coli Excitation

.
NomlnalUooeJ' Ranae Value Flow Ratesl.lIbl

Nominal

pt'e or

U!,~lried

FIO:Ube
power

\l'a
polyurethane

Neoprene
Gla.·

Iz
supply

Lined
Lined

Lined
Fiber

Fre~enCY
Flow Mini· Maxi· Mini· Maxi· Mini· Maxi· Mini· Maxi·

mm in
( z)

Unit. mum mum mum mum mum mum mum mum

2.5 1110 50 or 60 US 0.0050 0.03B
US. gpm

O.OBO 0.60

6 114 50 or 60 Us 0.032 0.25
U.S. gpm

0.50 4.0

15 1/2 50 or 60 Us 0.14 0.75
U.S. gpm

2.2 12

25 1 50 or 60 Us 0.50 3.0
U.S. gpm

B.O 50

40 1 112 50 or 60 Us 1.25 7.6
U.S. gpm 20 120

50 2 50 or 60 Us 2.0 13 1.4 7.6
1.B 10

U.S. gpm 32 200 22 120
29 160

BO 3 50 or 60 Us 4.5 30 3.B 24
4.5 25

U.S. gpm
70 500 60 3B5

70 400

100 4 50 or 60 Us B.2 52 6.4 41
B.2 4B

U.S. gpm
130 B20 100 650

130 750

150 6 50 or 60 Us 19 115 16 110
19 110

U.S. gpm 300 1B25 260 1BOO
300 1770

200 B 50 or 60 Us 34 200 30 210
32 200

U.S. gpm 520 3150 4BO 3300
520 3120

250 10 50 or 60 Us 50 320 4B 340
50 310

U.S. gpm BOO 5000 750 5400
BOO 4900

300 12 50 or 60 Us 75 450 70 500
70 445

U.S. gpm
1200 7150 1100 7900

1100 7050

50 Us
95 6BO 95 550 95 535

U.S. gpm

1500 10BOO 1500 BBoo 1500 B500

350 14 60 Us
115 6BO 115 550 115 535

U.S. gpm

1BOO 10BOO 1BOO BBOO 1~ B500

50 Us
125 900 125 720 125 695

U.S. gpm

2000 14200 2000 11500 2000 11000

400 16 60 Us
150 900 150 720 150 695

U.S. gpm

2400 14200 2400 11500 2400 11000

50 Us
160 1150 160 930 160 BBO

U.S. gpm

2500 1B200 2500 14700 2500 14000

450 1B 60 Us
190 1150 190 930 190 BBO

U.S. gpm

3000 1B200 3000 14700 3000 .14000

50 Us
200 1430 200 1160 200 1100

U.S. gpm

3150 22600 3150 1B400 3150 17500

500 20 60 Us
240 1430 240 1160 240 1100

U.S. gpm

3BOO 22600 3BOO 1B400 3BOO 17500

50 Us
320 2050 320 1690 320 15BO

U.S. gpm

5000 32500 5000 26BOO 5000 25000

600 24 60 Us
3BO 2050 3BO 1690 3BO 15BO

U.S. gpm

6000 32500 6000 26BOO 6000 25000

50 Us
475 3250 475 2670 475 2570

U,S. gpm

7500 51500 7500 42200 7500 40BOO

750 30 60 Us
570 3250 570 2670 570 2570

U.S. gpm

gOOO 51500 9000 42200 9000- 40BOO

50 Us
660 4730 660 3B60 660 3720

U,S. gpm

10500 75000 10500 61200 10500 59000

900 36

.
60

Us -
790 4730 790 3B60 790 3720

U.S. gpm

12500 75000 12500 61200 12500 59000

T\27·7Sa
Page 4

Table 1. 2800 series FlowtubeS with IC Coli Excitation ~
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- Table 2.
_ Serle. Flowtube. ¥

Nominal Upper Range Value Flow Rate.
lal

Nominal

ptte or

Unlined

Flowtube

pta
POlyurethane

Neoprene
Glass

Size

Lined
Lined

Lined
Fiber

Flow
Mini- Malll- Mini- Malll- Mini- Malll- Mini- Malli-

mm in Units mum mum mum mum mum mum mum mum

2.5 1/10 Us 0.0025 0.038

4.S, gpm 0.040 0.60

6 1/4
Us 0.0012 0.25

U.S. gpm
0.019 4.0

15 1/2
Us 0.038 0.75

U.S. gpm 0.60 12

25 1 Us 0.15 3.0

U.S.gpm 2.3 50

40 1 1/2
Us 0.38 7.6

U.S. gpm 6.0 120

50 2 Us 0.66 13 0.32 7.6
0.50 10

U.S. gpm 10.5 200 5.0 120
80 160

80 3 Us 1.5 30 0.98 24
13 25

U.S. gpm 23 500 22 385
20 400

100 4 Us 2.5 52 1.6 41
2.5 48

U.S. gpm
40 820 26 650

40 750

150 6 Us 5.7 115 4.4 110
57 110

U.S. gpm
90 1825 70 1800

90 1770

200 8 Us 10 160 8.2 210
10 200

U.S. gpm
160 3150 130 3300

160 3120

250 10 Us 16 320 14 340
16 310

U.S. gpm 250 5000 220 5400
250 4900

300 12 Us 22 450 20 500
22 445

U.S. gpm 350 7150 320 7900
350 7050

350 14 Us
27 680 28 550 26 535

U.S. gpm

430 10800 440 8800 420 8500

400 16 Us
36 900 36 720 35 695

U.S. gpm

570 14200 580 11500 550 11000

450 18 Us
46 1150 47 930 44 880

U.S. gpm

730 18200 740 14700 700 14000

500 20 Us
114 1430 116 1160 109 1100

U.S. gpm

1815 22600 1840 18400 1730 17500

600 24 Us
246 2050 252 1690 237 1580

U.S. gpm

3900 32500 4000 26800 3750 25000

750 30 Us
391 3250 397 2670 388 2570

U.S. gpm

6200 51500 6300 42200 6150 40800

900 36 Us
568 4730 580 3860 568 3720

U.S. gpm

9000 75000 9200 61200 9000 59000

Table 2. _ Serle. Flowtube. with pul.ed de Coli Excitation
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Electrodes The standard electrode in 2800 Series Mag-
netic Flowt

ubes
is AISI Type 316L stainlesS stee\. This

metal satisfies the non_magnetic requirement. and nas
more than adequate corrosion resistanCe for many appli-
cations. Platinum-10% iridium and other more highly
corrosion resistant electrode metals. including Hastelloy
C. titanium. and tantalum. are optionally available on cer-
tain 300 mm (12 in) and smaller size flowtube

s
.

On 15 mm (1/2 in) and larger size flowtubes. the elec·
trodes are inserted from inside the tube· . The threaded
end of the electrode extendS outside the tube. Flush with
the tube inside wall. the head of the electrode bears
against the lining surface. On lined-metal tubes. elec·
trodes are electriCallY insulated from the tube. An elec'
node assembly for a ptfe·lined flowtube is shown in

Figure 4.special care is given to electrode sealing. Electrodes are
bonded into unlined glaSSfiber_reinforced resin flowtubes
to assure electrode seal integrity. In pOlyurethane.

lined

flowtubes. the electrodes are molded in the liner. Equally
good sealing Is obtained by tmOulng elect<od

es
against

Neoprene liningS. The characteristic cold flow property of
ptfe and pfa. hOwever. nas to be overcome by more rigor·
ous electrode sealing procedures. Electrode sealing sur-
faces are grooved to provide additional sealing surface
and to firmly grip the lining. When installed. the elec'
trodes are tightened firmly against the lining. The correct
sealing pressure against the ptfe is maintained by a series
of 8elleville spring washers. With a pfa liner. the correct
sealing pressure is maintained by means of a coil spring.

~

TUBE WAI..l..

n

~

Pipeline connections Flange end connections are the
usual means of mounting a flowtube into a process pipe-
line. On 300 mm (12 in) and smaller sizes of lined-metal
flowtubes. slip·on (welded) AISI Class 150 RF (raised
face) or PN 10 flanges are standard. The flange material
is either stainlesS steel lfor 2.5 and 6 mm (1/10 and 1/4 in)
sizes) or carbon steel [tor 15 thrOUgh 300 mm (1/2 thrOugh
12 in) sizes). The larger lined-metal flowtubes are supplied
with AWWA ClasS 125 flat face or PN 10 raised face car-

bon steel flanges.
Sanitary flowtubes have stainless steel extensions with
quick-disconnect type connections. The extensions are
bolted to the flanged ends of a ptfe-lined flowtube. FloW'
tube with ANSI ciass 150 flange nas a Tri-Clove

r
exten·

sion which mates to a Tri-Clamp on the process piping.
Flowtube with PN 10 flange nas a sanitary coupling exten'
ston (DIN 11851. 8S 1864. 8S 4825. or ISO 2853. as spe-
cified) with an external thread. Mating clamps.
connections. and gaskets are supplied by the user. Sani·
tarv flowtubes are used with the next larger line size as

listed in the table beloW.

..,

)

Sanitary Flowtube and corresponding Line Sizes

Nominal Flowtube Size
Nominal Line Size

mm
1n mm In

15
1/2 25 1

25
1

40 1 1/2

40
1 1/2 50 2

50
2

80 3

80
3 100

4

\

. -

~.ELLEVILLE
sPRING
WASHERS

~~\\~,
EI..ECTRODE ASSEMBI.. Y
FOR 100 mm \4 inl ptfe.I..INED

FI..OWTUBE

figure •. Electrode Assembly

___ ",liAr sizes.electrodesare inserted from outsidethe tulle.
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Coli Assembly and l.eaa WIres
Colis The design for the 2BOOSeries Flowtube coils has
been enhanced by many years of experience in producing
dependable industrial·grade magnetic flowtubes. High
wire density (see Figure 5) allowS a strong magnetic field
to be generated in a minimum space with lOWpower coo-
sumption. On ac Systems. the coilS can be connected in
series or parallel. They are normally connected in series
for minimum power consumption. When theY are con'
nected in parallel. the magnetic field is doubled. and the
flowtube output Signal is thUSdoubled. As noted in a toot-
note of Table 1. this permits lOwer minimum upper range
values. Coil wires have high temperature insulatiOn so as
not to be a factor in determining high process tempera·
ture limits. Coils for 300 mm (12 in) diameter and smaller
sizes. have a rectangular cross·sectiOnal area to provide
a precise. extremely sturdy assembly. All sizes of
2800 Series Flowtubes are virtually immune to shocK or

vibration.Core The purpose of the core. which is mounted around
the coils. is to complete the magnetic circuit and to
magnetically shield the measuring zone. To minimize
power waste and heat builduP from eddy currents. the
core is laminated transformer steel. The core/coil/tube
assembly is an extremely sturdy unit. built for dependable
and accurate performance. despite heavy mechaniCal

shocK or pipeline vibration.
l.ead WIres Protected by driven screens (shields). lead
wires conduct the low.level measurement voltage from
the electrodes out through the magnetiC field to terminalS
for connection to a transmitter. A separate driven screen
encloses each measurement lead wire. These screens
are driven by the transmitter to the same potential and
phase as are on the leadS. providing the ultimate protec-
tion against ~ilijnal toss due to capacitance. Proper posi·
tioning of the leadS withil'l me hOUliinlij. in the magnetic

~

On unlined resin flowtubes. flat·face flanges (of the same
material as the tube) are standard for 600 mm (24 in) and
smaller sizes. The largest unlined resin flowtubes. 750
and 900 mm (30 and 36 in). have plain ends suitable for

use with Dresser couplingS.
VariouS optional flanges are available. Up to 200 mm (8 in)
sizes of ptfe. and pOlyurethane.lined 2BOOSeries Flow'
tubes can be supplied with heavier flanges. ANSI ClasS
300 RF. PN 40. etc. Also available are AISI Type 316 stain'

lesS steel flanges with selected flowtUbe
s
.

process Earth (Ground) The electrical continuity of the
process and pipeline must be maintained. This is acco

m
•

plished thrOugh the metal tube and the flange bolts (or
QUiCK.disconnect clampS). With unlined resin tubes. it is
achieved by means ot a metal strip on the outside of the
flowtube. in contact with the flange bolts. When the flow'
tube is connected to a lined or non·metal pipe. earthing
rings (grounding rings) are used to provide the required
continuity. Use of grounding ringS is diSCussed later in

"Piping considerations."

""

n

field. minimizes spuriOUSvoltage picKUPand distortion of
the measurement. AccesS is provided on 2BOOSeries
Flowtubes to adiust lead wires to the optimum contour.
ThiS is used when field repairs (especiallY replacement of

a flowtube) are required.

Figure5. Field Coli ere•• ••
ectlon

HousIngsThe coils. cores. wires. etc .. of 2BOOSeries Flowtubes are
enclosed by a sealed hOusing for protection from mois·
ture or other harmful external elements. TwO integral but
separate connection boxes. one for power and the other
for measurement wiring (see Figure 6). are located at the
top of the housing. When used in ac Systems. iumpers in
the power connection boX are used to connect the coils
either in series or parallel. Because magnetic flowtubes
must often operate in harsh environments. housing mate·
rials must withstand a variety of corrosive atmospheres.
For flowtubes 300 mm (12 in) diameter and smaller. loW'
copper content cast aluminum alloy is the housing mate·
rial: these hOusings meet IEC IP65 requirements and
provide the environmental protection of NEMA Type 4.
Steel housings. which meet IEC IP65 and CSA 4 require·
ments and provide the environmental protectiOn of NEMA

Type 4. are used for larger flowtubes.
The high heat.diSsipatiOn rates of these metal enclOsures
contribute to lower temperature operation. All flowtube
housings are made in tWOpieces. gasKeted with silicone
rubber sealants and bolted together. and are protected by
a high.bUild epoxy paint-. TwO versions of flowtube·
mounted secondary magnetic flow instruments. the 896T
and E96T Series TransmitterS (see Figure 7). are available
for use with 300 mm (12 in) diameter or smaller 2BOOSe·
nes Flowtubes. The B96T requireS pulsed cc flowtube cal
ibration: the E96T requireS ac flowtube calibration.

~ ..~..n deoending on plant 01manu'
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Figure 7. Tr.n.",ltt.r Integral with Flowt
uba

INDUSTRIAL APPLICATIONS

.,
ElectriCal conductivity of the process liquid is the funda-
men

tat
tlmiting factO' fa' the awtloation of magnetiC flOW'

mete<ing. "'ost induS,,'at o,ocess tlQuldS have g,eat
enOUgh conductivity. For example. city water at 60 to
100 Il

Slcm
or mmhO/cm. or variouS strong acid or base

solutions at as much as to 000 .S/cm 0' .m
hoicm

. USu'
alty. 2 .S/c

m
0' .mho/cm. a tyoical value fa' dis\llled wa'

ter, is ,"""ded as the minimum. UQuidS with lowe'
conductivity valueS can be consid<>,ed. but theY must be
examined on an individual basis. The lower limit in any
oarticut" """tlcation deQends uOOnthe length at cable

between flowtube and transmitter.

'l

Selecting E96 or 896 Systems
FoxbO'O e961

2600
magnetic \lOWmete'ing systems 0

10

'

vide accu,ate \loW measu,eroent 10' virtualty alt tyoe
s

at
conductive liquidS in a variety of applications.
The Foxboro 896/2800 magnetic floW metering Systems
OlOvid<>ve" high accutacy flOWmeasu,em

ent
on many

tyoe
s

of conductive tlQuldS and tange of aootlcations
HOW

eve
,. these systems should not be used fa' ce"ain

applicatiOns. For example:
• non_hOmOgeneous liquidS
• slurries with high solid content
• processes with entrained air or gases
• applications involving fast changing or pulsating

flOWS

Process Variations
conductivity changes in OIOCesstlQuldScan occu' due to
changes in comaasition and othe' ,easo

ns
. HOW•• er. it

the conductivity value _s not d''''' belOW acceat""IE
levels. this will not affect accurate magnetic floW mea·

surement.A magnetiC flowmeter measures the average liquid veloc-
ity th'OU9

h
tM flowtube. ,,,lations In tlQuld comoosltion

(unleSS theY change velOCity 0' ,educe conductivity be'
lOWthe minimum) have no effect on the measu,ement
Fa' examo

,e
• viSCOSity0' density changes do not affect

magnetiC t\Ow measurements.
AlSO. changes in process liquid temperature or pressure
have no effect. These ""tamete's. and combinations of
them. must only be maintained within the wide tlmits
publiShed in 2800 Series Flowtube specificatiOns.
In ac Systems. v"iation In tine voltage 0' ""Quency will
cause a change in the measu,ement voltage gene

tated

AutOmatic comoensation is made fa' theSe v"iation
s

by
tM "ansm

ittel
. Fa' accutate. total comoensation to be

effective. power must be wired directly to the flowtube
and suw

lied
• in o"alte!. to the "ansmit

te
' "am te,ml

nals

in the flowt""" connection box. tn this way. tno exact volt·
age. ""as

e
• and f"'QUency that e<cites the colts. is fed to

"anslt'.itte< comoensation ci,cuits. ThiS design _s not
alloW for wiring shOrtcuts. Following this procedure as-
su'" that complete. accutate _oensation is made fa'
any voltage su'ge 0' d,"" and any line \leQuency v"la'

uoo.

,.

Wide Areas ot Use"'ag
netiC

flowmetelS are conslde,ed to be me onty sotu·
uoo fa' ce,tain difficUlt.ta-handle (hOt. cOlloslve. ""ta·
sive. sotlds.beating. etc.) liQuid 0' slullY mete',ng
awtlcations. TM,e ate no ditle,ential o,essu,e taps to be-
come clogged 01 ,eQuite oo,ging. Long mete< -uns "e
no,malty not necess"Y. "'agnetiC ffOWlube

S
have no

g,eate' o,essu,e d'oo 0' obs"uction to flOWthan eQuwa'
tent lengthS of s"aight oioe. Relatively easy to ins

talt
• tMY

can be mounted at any ",oeline angle. The only con
side

,'

ation is that the tube must be full of liquid.
",any indUs"lal o,ocess o'ants necessa,Ity have t"ge
numbO

lS
of magnetic ftOW\ubeS. In such a o,ant. stan·

d"di,ati
on

on magnetic flowtubes is an otten·
used

means to avoid sca,e ""rtS in,ento,'es fa' dlffe,en
l

KindS
_ u_ •••••,h~S (and to simplify maintenance routines).
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In dc Systems, power is wired directly to the transmitter.
FI",",ube coil excitation pOWe, (pulSed dc) " suW

hed
by

the B96 1ransmitter. p-.nysignal variations caused by line
voltage or IreQuency variations are small and are com-

pensated by the transmitter.

sul\dUP in Flowtubes
LOW-l

evel
voltage, gene<OtedbV liQuid 1I"",lng th,ough the

magnei'C tiel
d
, "conducted Into the leadS (and Hans

mlt
·

ier cI,c
ults

) bV the elect<odes. It coatings to,m on the
electrodes and create a very high resistanCe, the mea-
surement Signal can become erratiC. A coating on the
liner can alSO be trOUblesome in some cases.
10 prevent error-causing electrode coatings, attentiOn
shOuld lirst be directed to proper sizing 01 the !lOwtube.
With "clean" liquids-thOSe which co not precipitate
nonconductive coatings on the elecHodes- lIowtUb

e
siz-

ing is a simple matter.
It Is usualiV aSSumed, that \I a lI"",tube has the same dl'
amete' as the pipeline, It" p<ope'lY sIZed. This Is not ai,
ways true with "dirty': liquidS, even il the upper range
value Ilow rate is within the publiShed minimum and max-
imum lor the I\owtube. For instance, an expected !lOW
<ote ot 5 Us (SO U.S. gpm). In an 80 mm (3 In) pttetined
!lOwtube, amounts to approximatelY 1.2 mls (3.B ttls) ve-
locity. II the liquid tends to make deposits, a better chOice
would be a 50 mm (2 in) !lowtube in which this same !low
rate giveS approximatelY 2.4 mls (B Itls). If pressure droP
in the pipeline is not critical. a 40 mrn (1 112 in) !lowtube
could alsObe considered because 01 the much hIgher ve-

locity, almost 4 mls (14 Itls).
In some "dirty" liquid applications, high velocity is either
impractiCal or inellective as a means ot keeping elec-
Hodes clean Fo' tiQuldS not containing ab<osive pa<ll'
cles, alte"ng the ttoW p,otlte 0' Inc<easlng hQuld
tu,bulen

ce
with pipe elbOWs0' othe' lIoW conditioning de'

vices is sometimes an adequate solution to thiS problem.
However, il the liquid does contain abrasive particles.
consideration must be given to another potential problem'.
Impact ot ab<osive IIOW upon a hnlng can accele<ote

wear.standa<d etocHodes a<e essentialiV lIush with the Inside
su'tac

e
ot the lIowtube At thIS su,tace, the hQuldvelOcitY

IS minimal. even at high lIoW <oteS Fo' p<ocess hQuldS
which leave deposits on electrode surlaces. optiOnal con-
Icat elec

Hodes
which p<oHude Into the lIowS

Heam
, might

be successtuliV apphed. The cones extend In ,<om the
tube wall to whO,e the hQuld vetocltV ISmo,e h•• 'V to In·

hibit coating.For applications where these techniqueS do not solve
coating problems. Foxboro oilerS a unique chOice 01 twC
electrode cleaning optiOns. one 01 the chOIces, the loW
voltage electrode cleaning technique. provides a mean
ot applYing a lOWvoltage between elec

Hodes
and hQuldt

remove builduP. 1he other electrode cleaning devie
available on 2BOO Series Flowtubes is an ultrasoniC osc
lation type. Ultra-high speed mechanical motion 01 t
electrodes prevents'or removes many kinds 01 co

atin

Both 01 these chOices are listed in "optional FeatUrE

on Page 11.

r:

Minimum and Maximum FlOW Rates
With an B96 Series 1ransmitter. the minimum process-
hQuld UW

e
' <onge value (.ull scale) velo

cltv
IS 0.3 mlS

(1 HIS). Fo' a.oo<lICula' ._ube, uWe' rang
e
value (.ull

scate) lIow rate can be calcula1ed bV using the awhcable
a<ea.times-veloCltY IOImula. The a<eacan be dete,ml

ned

bV using 1he Inne' dlamete, (10)given In tables In the lIoW'

tube Product specilication Sheet (PSS).
With an E96 Se"eS Transmlttel. 1he mln,m

um
uW'"

<ong
e
value (.ull scale) IIOWrate '0' a pa<ticula< lIowtube

ISdlcta1ed onlV bVwhat IIOWwitl gene rate 1 mV; I.e .. ave:
10citYot 050 mlS (1.65 HIS).The ,eaSOn '0' 1hls Is that a to
1 mV Is the lowest span accePtable bV the HansmltteL
Fo' example, a 25 mm (1 In) ptte-hned lI",",ub

e
, with

se"es_connected coils pOWe,ed bV 120 V ac. p,od
uces

2.00 mV oer Us (0.125 mV oer U.S. gpm). These values
a<e the pubhS

hed
nomlnat catib ration ,"cto" , and dlVld·

Ing them In101 mV, giveS the minimum uppe' <ong
e
value

lIoW ratOO1 x 200 = 0.5 Us (1 X 0.125 = 8 US. gpm)
HoW

eve
" thIS lIoW rate co«esponds 10a veIV loWp,ocess

hQuld velo
CitV

, aW,oxlma1elV 1.1 mlS (35 HIS) When th'
velocitY ot a "dlrtV" hQuld IS thIS lOW,suspended mate-
,lalS tend to sertle. The,eto<e, when the awhcation ISto' a
hQuldknoW" to deposit coatings Inside the pipe, the """'-
tube should be sl,ed to, as high a veloCItY as possible to
helP keeP potentiat coating mate,lats moving with the
",e

am
and to sc,ub awav p,evlouSlv-to,med deposits

See "BuilduP in FlowtUbeS" section.
Recommended maximum uWe' range value (tull scale)
IIOWrates a<ebased upon vetoCltles ot 6.1 mlS (20 tt/s) In
ptte and Neep"ne hned-metal. as well as In unhned ,esln
tubeS. tn p.a and polVu,ethane hned-metat tubes, max'
ImUm lIoW <otes are based on velocitieS ot 7.6 mls
(25 His). These ,ecommendations (althOUgh based upon
wea<-and-tea< ,eslstance ot the tube mate'lal) are some·
what a<'Oita<V,and some use" chOOse to eXceed them
The" a<epote

ntiat
p,Qblems In dOing thIS.P <lma<ilV,ac-

cele ra
ted

wea< Inside the tube witl shO<te
n
the hte ot 1he

lIo,",ube AlSO,the,e IS a g,eate' chance ot damaging a
lI",",ub

e
(especialiV an unhned glaSS tibeHelnto,ced re-

sin tube) 1\a seve" hVd<ouhc shoCk (usualiV caused by
excess

lvelV
tast valve action) oCcu" du,'ng a oo,'od ot

eXceSS
lvelV

high liQuid veloCItY such p,essu,e su,ge
S

("wa
te
, hamme<") must be avoided, to' example, above

45 mlS (15
ttlS

) In 50 mm (2 In) size "sin lI",",ube
S
, and

abOVe 15 mlS (5 ttls) In 3QO mm (12 In) sIZe ,es
ln

lIoW'
tubes. Apa<l HOm these conslde<otions, magnetic
lI"",met

e
" can ope<ote satistacto,ilV, even when the,e

a<e "cu,,'ons In IIOW rate abOve "commended max-
Imu

ms
. Howeve<, the design ot FoxbO'O magnetic lIoW

Hansmltte" lim'ts the uppe' <onge value (tull scale) lIoW

rate to a maximum ot 9 mls (30 itI5).

(:

~
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ac calibrated Flowtubes
Fo' ac ,yst

em
" the 2BOOSe,l", FloWIub'" In ,lZe' hom

15 th,ough gOOmm (112thtOU9h24 In)a,e cert\fled by F'"
aod CSA", ,ultable '0' use In o,dlnatV location, and In
Cia"" G,ouP' B, C, aod 0, Olv"lon 2 ha"«'ou' loca·
tlon'. Size' 2.5 and 6 mm (1,,0 and 114In)O'e cert\fled bY
Foxboro lor use in tMSe same locatiOns.

1127-75•
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Piping considerations
To avoid exce,.IVe linIngwea' 'tOm abta'IV"" aod po"I'
bte '0" 0' accutacY, 1he uP,l<eam ,Ide 0' the lIoWI

ube

,hO
uld

be mounted to a ,I<alght ,action 0' pIpe whIch" at
least tlve pIpe dlamete<' Inlength. continuItYbetween the
lIowlng liquIdand the lIoWIube" ,equl<ed10p,,,,,lde ate"
erence lor tM measurement Signa\. With metal pipe con-
nec1ed to a lIoWIubelIange, the contlnulW" p,,,,,ided bY
me pipe and me flange boltS. InstallatiOns in which non-
metal 0' IIned.metal .,;pe ts connected to the lIowI

ube
,

earthIng <log' (g,ounding ,Ing') mu" be u,"d Th",e
<lng' O'e In,talled between the .,;pe and the lI""tube
lIang"" Awlte between the g,oundlng <lngand one 0' the
IIang

e
bO'" p,ovld", the tequl,ed continuity between the

,Iquld and the mete<lng tube· To p,ovlde po,Itlve contact
with the liquId, the Inne' dtamete< 0' the g,oundlng ,Ing
,ho

utd
be ,lightly Ie'" than that 0' the mete,lng tube. A

g,oU
ndlog

,Ing " al<>O_etlm", In"a
ll
ed In 1he up-

,I<e
am

,Ide 0' a lined metal IIoWIubeto ptOtect the Inne'
edge 0' the tine' .,om weaL Th" I' ",peclally I<ue when
measuring tM floW 01 an abrasive liquid.

PRODUCT SAFET'f
Th",e lIoWIube' O'e d",lgned to ,,1I'1y pen;onnel ,,'eW
,equl

temen
" and to mInImIZepo1enllal ,hock and c"'u'

ally halO'd'. They O'e al<>Od",lgned to be a mInImumlite
halO'd by use 0' adequa1e In,ulallOn and ,"pO'a1\On 0'
clte

ult
" standO'd ,equl<emen" 0' Facto,y •.•utual 0'

canadIan StandO,d' ""oclallon (F'" 0' CSA) are gene"
ally tull

llled
, as well"' the concen'u, ,tan,,,,,d' adOPted

bY the occupallonal Sa.eW and Health Admln"l<all
On

(OSHA).•.••• tlng the," ,tandO'''' gene tally "",,,,,, ,Im
l
·

tar requirements tor use in otMr parts ot
tM

world.

r

~

conditions in spite ot a more hazardOUS DiviSion 1 sur-
rounding atmOSpMre. ThiS permits operation in a Qivis

ion

1 area it tM outside 01 me hOusing and tM purge air ex'
naust do not provide a possible source 01 ignition. The
,y,te

m
"d",lgned per the Nallonat Flte ptOtecll

on
",,0'

c\allo
n

(NFPA) "pu,ge Encl",ute' '0' Etecl<lC
al
Equl".

ment" (dOCUmentnumbe, 496)· p,lo' to ""e,glZlng the
flowtube. tMre must be an initial purge equal to tour times
the Intemat hOO'lng votume, Ou,lng opOta

tlon
, a pu,ge

floW rate indicator is required to verity purge protection.
For European use. an optional PhYSikalisch-TecnniscM
Bund",anst

alt
(PTB) aOP,QVedve"lon 0' ac·callbta1'"

flowtubes is available. TMY can be supplied in sizes
15 mrn (1/2 in) thrOugh 150 mm (6 in) with ptte or polyu

re
-

tnane lining. The signal circuit is modified to meet
tM

re-
qul<e-" 0' Inl<ln,IC".eW by PTB deMItIOn '0' use In
Group IIC. zone 1 hazardouS locations. TMY are PTB cer-
titied eXPlosion-protected according to VDE 0171 pro

tec
-

lion method' "lnl<ln,IC Sa.eW" (Ex),G5,and "Inc'"''''
Satety" (Ex)eG{3. 4. or 5). (Manutactured in™NetMr-
land'). The lIoWIubemu,1 be usee with the prB certlll'"
version ot tM Foxboro E96 Series Transmitter. Mains
connections meet PTB increased satety requirements.
Among tM limitations ot mese Systems. ultrasonic clean-
Ing and Type Y pU,glng cann01 be u,ed, ,..,,0, lIeid col"
must be lactOry-wired tor eitMr series or parallel opera-

tion and cannot be changed on site.

~

~':\

submersible operation
The 2BOOs.,les FtoWlube can be encased In a watertlg

h1

enclOsure tor continUOUS operation ot tne tlowm~ter
when 1he IIoWIubel"Ubme,ged In as much as s m (1

0
n)

0' wate<. The hOU,log ts p,."O'ed with ,pedal RT\I ",at·
Ing and then pLe"Ute t",ted, The lIowIube a"embly ts
coated with N.55 Neo<>tene whIch ptO

vid
'" a ,"c

ond

mol
stute

",al plU' added ptOtecllon agaln,t co«o,lon. An
ample ,u""ly 01RT\l602 portIng compound I, Inctuded to
seal signal and power connections during installation.

Accidental submergence
ThiS oPtion provides a watertight enclosure which pro-
tects the tlowmeter trom accidental submergence in as
much as 9 m (30 It) ot water lor a period ot up to 24 hOurs.
TypIcal u",,, In a munIcIpal waste pit whIch co

uid
""e"

flow during neaVY rain. TM hOusing is coated with an
epoxy paInt, ,.aled with RT\I,and then pLe"U

te
t",ted. A

,uopty 0' RT\I 602 potting compound" include<!to ",al
Signal and power connectiOns during installation.

PUlsed dc calibrated FlowtUbe
s

For pulsed oc Systems. 2BOO Series FlowtUbe
S

in sizes
2.5 th,OU9

h
gOOmm (114 thtOU9h24 In) are FoxbO'O,.11·

ce<tllIed '0' use in o,dlnatV loca1\On, and In Cia" I.
G'ouP' B,C, and 0, Olv"lon 2 ha"'<lOU' locallon, as de·

lined by FM or CSA.

OPTIONAL FEATURES

corrosion-Resistant Coating
For operation in extremelY corrosive environments. a su-
pe,IO' co«os\OO.,.,,,tanc. option" avaltabl. '0' ,00 mm
(12 In) 0' small

e
, ._u.,..· ApOIled10 1he hOU,log Is a

chiP_resistant. baked-on dispersion coating ot vinylidene
Iluorid

e
. It is porosity-tree and nonpermeabl

e
. and it re-

ststs cOHoslon trorn most sl<ong Indusl<talchemICa", In'

cluding hOt caustiC liquidS.

HazardOUS Locations Installations
AType Ypu,glng op1\Onis avaIlable on :lOOmm (12 In)and
smalte< ,IZ'" 0' pta., p"", and po.yutetha

n
•.
llned

IIOW'
tub'" whIch O'e othe<wI'" cert\fled by FM0' CSA'0' Olv'
~on 2 haza'<IOU' location'· With Type Y pu,glog, the
attnOsohe

re
in the hOusing is maintained at Division 2
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unlnQ fl ••.• protectlon
In add,,,on 10 SOOOIpieces and 01"'" ooI,on

al
parts tor

«owtube «anges, a ptle nnlng p,o,oc"on dev'C
e
is ava"a'

ble. II consiS's of a pa" of sta'nless s,eel "ngs wh,ch fit
afOund '00 ou'e' dia",ete< of ,he «ange <o,sed faces and
e",end beyond ,he <o,sed faces, apflfO"",a,el, ,5 ",,,,
(0,5 ,n) on each end.;M "ngS ale spo, ..•• 1ded 'n place
'(hey help p,,,,,en' nn'ng da",age if flange bolts ale ove"
,o'Qued. AlSO,if a p<y,ng'001 's used '0 ,emov

e
a «owt

ube

""'" a p,,,,,lIne, ,M ,'ngS helP '0 p,,,,,en' cuts ,n ,he nn,ng
«ale. A pa" of 'h'ck, sohd ptle gaskets ale suppned '0
CO'Ie' ,M hn'ng «aleS ('ns\dO ,he ,Ings) '0 effec' a good
flange \oint seal witMut lining damage.

sonICcleanIng Is ava"able wl\h all 50 "'''' (2 In)and lalg
e
'

s"es of 2800 Se,'es FlowtubeS w;1h stan
dald

housIngs
and staInleSS s,eel elecuodeS· II is alSO ava"able In
50 ,",OUg

h
300 "'''' (2 'hfOUgh ,2 'n) «o,",ube

S
with Has'

,ello, C0' \l\anlum elecuodes IIis nO' available with p;8
approved versions 01 flow\Ube

s
.

Hlgh calibratlon Accur.CY tor IC Systems
Fo' 28OO

1E
!l6 ,nstallatiOns whIch ,""ul<e hlghe, accu·

<oc" OO"on
al
sys,e", accu<oc, callb<O"on can be oer

fo,,,,ed 'n ,M FO,,",,'o FloW Ubo<O'o<y '(hiS fea'U
fO

p,,,,,ld
es

,,,,p,,,,,ed syste", accUlOC, because me partl
CU

'
tar «o,",ube and \lans",ltte' '0 be used ,ogelhe' ale cah'
blO,ed ,oge'he,. ;Mse spec'all, canb<o,ed s,s,e"'s
Include a 2800 sefles Flowtu\>8(an, s"e 0' ve"iO

n
) with

an E!l6 Se,les ;,ans",I\,e' and op"onal counte< (it
p,e

sen
')' A FO,,",,'o elec\lon'c ,eco,de, can alSObe In'

cluded in a calibrated System.

-,
conlcal Electrode.con'cal.shalled elec\lodeS ale OO"onall, available on
plf••

nned
2800 Se,les FlowtubBS""'" 25 "'''' (' In)uo '0

300 "'''' (,2 In) In sl<e. '(he,e is a chOIce 01 AlSI; "'" 316
s,al

nlesS
steel 0' Hastello, C ",etal tor 'MS. elec\lode

S
Replaceable Metering Tube A••• mbUe.
;0 _e on.s

lte
",pal< .,."..,."IY 01 2BOO se<les FI•.•.

tubeS, p,eciS,on ,eptac_' mete,1ng ",""s ale ava"SOIe·
'(he I\nlngand «anges ale I<,eluded,com<>Ie'eIYaSSBfObled
wIthelec\l"""s and ""nng te<""".1 bfOc\<S. AfYflICal,eplaCe
_, ,ube assem"IY 's "lust<B,edIn FigU,e S. Ofhe' parts,
such as"" coilS and hOUSIngS,ale alSOa""'- as r••
plac

emen
' Items. '(hey can be stocked and ,_led on sse

10 """""" "","""","' 'fhB """"" ,eptace<""'" """B\iOO is
deSCribed in Instruction MI 021.

181
.

\.ow_"oltage Electrode c'eanlnQ As.emblY
'(hIS Ic«:ene'g' elec\lode cleane, IS used '0 ,e",,,,,e
sludge and fiI'" depOS'ts "om ,M .lec\lodeS, ;he ou'OU'
of,M clea

ne
, ISa n"""nal 24 V ac (50 0' 60 Hz),",OUg

h
a

current-limiting 5000 0 resistor.

Ultra.onlc c'eanlng;0 p,o'OC' agalns' ,M \Ofma"on of ,nsula'W
e
coa"ng

s
on

'M f_""' eleC\lodOS(and even,ual
lOSS

of ",e
BSU

'"
",.n' accu,ac,), an ull<OSonlc cl.ane' can b. used.
FO'bO'O offe" a cnolce of clean.' OOtlons.With one O!>
"on, ,he cable \10m ,he oscmaW pOWe' suWI, is con-
nec,ed d"e

ctl
, '0 te<mlOOISInside the «owt

ube
hOusIng,

MoIM' ooI,on 's '0 ha"" a ;unc"on bO' "",ed '0 ,he «oW'
,ube ,.,m,nalS. '(hIS OO"onISused 10' ,he ""rtable eiOC'
\lode clean

e
" '(he 1 .5 10(5 ft) scr •• ned (sh,.lded) cabl.

""'" ,M oscma'o, pOWe,suool' is te<m'na,ed with a con'
necto

r
WhiCh plugs into tM \unctio

n
bOX.

Fo' mos' appncatiOns, ,he ul\lasoniC clea
ne
' shOUldbe

"",,<o,ed con"nuousl, '0 p,ov,de m"",m
um

p,o,e
ctlon

aga,ns' ,M fO,ma"on of ,nsu\a""" cOB"ngs. Fo' such
cases, ,he d"ec,."",ed osc,"a'o, "owe' su,",,' is ,he
most econom,cal ,ns,alla'\oO· When 'n,e,m'f\en' elec'
\lode cleanIng 's ".,m'55'ble, 'h. ""rtabl. ull'ason

lc

cleane' can be used. With 'hiS """on, ,he osc,"a'o, pOWe,
su,",,' can be easlt' d'SConnec,ed ""'" one «owtube and
connec,ed '0 ano'he', "",m'tt'ng pa,'odi

c
clean,ng of

several electrodes using a single power supply.
'(h. _\lode clean,ng ac'iOn ,esullS ""'" vlblO"on

s
of

65 ±10 HZ Impacted '0 ,he elec\l""" surtaces. '(he
clean.' ,ts.1f consISts of ",0 maIn com""nents: a pa" of
etee\l""" d"""" ('ns'de ,M "owtu\>8hOus,ng) and the ex
,.,na! OSCllla'o,pOW., ",,",,' '(h. d,we" ale mec

han
"

cal assembnes of s,a'nleSS s'eel partS and a
""",e,.shaped p,ezo c.,amlc elemen'. Elec\losta"C
sc_

1nfl
is utilized 'n ulllOsoniCcleanIng assembl\es '0

o __ •• dlgturtlance in the tlOW measurement. Ultra-

flOU'8 a. ,,~,.ca.b'aMatarinQ Tube Aasecnbl'l

SUMMARYD""eloped "om the "know--" of ove' 30 ,ea" of e
"""en

ce
'n manufactu"ng 'hOUsandS of oua

nlY
magnet

"""",.,e" tor ,ndUS'<Yand special"ed apflhCO
tlons

,F<
bO'O 2sOO se,ieS "agnetiC FlowtubeS offe' e"ell'
"'u

e
. '(h's dISCussiOncove" ,he p,,,,,en deSign fea'u

of 'hes
e

f_ubOS, and deta'lS ,hel' s,u'''' -'
and as-~ ,echniQUes. SafBIY"""cIS and'-
"Ii lilY""'h ooI,onal''''u,'' "a alSOdiSCussed, •• "
tM reasons are given tor tM high performance an<
pandabll\fYwh\eh makO ,he 2sOO serIes "agnetiC I
tube your first choice W tlOW metering application
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